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This study is divided in two distinct but related parts. 
The first one is concerned with a world market analysis of 
iron ore. Demand-supply relationship, marketing techniques 
of the industry, forecasting of production, patterns of world 
trade and transportation technology are the main topics treated 
in this part.
The second part deals exclusively with the development 
of the national reserves of iron ore located in the San Isi­
dro quadrilateral of Venezuela. From information provided 
by the Ministry of Mines and Hydrocarbons of Venezuela on 
the project we see what has been done in the past, where it 
stands today and what the prospects are for the future.
The main concern in the second part is to determine if 
the project is attractive to a foreign investor. The govern­
ment sees it as feasible but no one carried it through for 
the last ten years.
The discounted cash flow rate of return analysis per­
formed with the official figures does not give very encour­
aging results. Nevertheless, the sensitivity analysis applied
iii
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to the main variables affecting the project indicated satis­
factory rates of return under certain conditions.
A joint venture was unquestionably the only approach 
to make the project profitable. However, potential partners 
engaged in the world iron ore business will not be interested 
in the project unless some iron ore policies are changed.
Unfortunately, these decisions are not rapidly taken 
in developing countries and if that is the case in Venezuela, 
San Isidro will probably continue to be one of the largest 
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Venezuela is a country with vast iron ore resources 
and a relatively new iron ore industry. Soon after commer­
cial scale operations began in 1951 the country ranked in 
the forefront of new suppliers for the world iron ore market 
But. this initial boom of the industry was only temporary.
As new producers have entered the market Venezuela's share 
of world exports has been decreased or barely maintained 
through the years.
The early advantages gained by securing some markets 
and developing the industry to world standards seem to have 
faded away in the last decade with the increased competition 
from other producing areas.
The national reserves o'f Venezuela, which are larger 
than the present concessions exploited by foreign companies, 
have been the subject of more than five in-depth studies in 
less than ten years. The San Isidro quadrilateral, the most 
important of the nation's iron orebodies (Fig. 1), has more 
than 700 million tons of proved and 475 million tons of pro­
bable reserves. This area has been waiting for the proper
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FIGURE I. Political Map of Venezuela with its Iron Ore Reserves, 
SOURCE- Ministry of Mines and Hydrocarbons.
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decision to be made which would make its valuable ore avail­
able to the international markets. So far, the main accom­
plishments have been some exploratory drilling to prove the 
quality and size of the orebody and a little production carried 
out on the surface to supply the needs of SIDOR, the national 
steel works.
This brief explanation should help the reader to under­
stand the questions that intrigued the author when he decided 
to find out why it is that a country like Venezuela, with 
such a good atmosphere for foreign investors (over 5 0 years 
of an established oil industry), with a very well developed 
infrastructure (good roads crossing the country in every dir­
ection, existing towns near the mines with all kinds of faci­
lities) , ideal climatic conditions and above all, a very stable 
form of government maintained during the last 15 years, has 
not been able to develop one of the largest known iron ore 
deposits in the world.
The approach taken to the problem is one dual in nature.
In the first part of the thesis the effort is concentrated on 
a world market analysis of the industry, in general, to get 
a comprehensive feeling of the complicated factors ruling the 
marketing of iron ores and particularly of iron pellets. Analy­
sis of world demand and supply, forecasting, trade and trans­
portation are studied in this initial stage.
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The second part deals with the San Isidro project 
itself— what it is, where it stands today, and what the 
economic implications are from the different studies con­
ducted by the Ministry of Mines and Hydrocarbons of Venezuela 
through the years, in order to determine if the project is 
attractive from a private investor's viewpoint. The two sep­
arate outcomes from part I and II are combined to establish 
the existing obstacles and possible solutions to follow if 
San Isidro is to become a reality before it is too late to 
interest any one from the mining business world.
The economic results in the second part are attained 
through the use of quantitative techniques such as "discounted 
cash flow rate of return" (DCFROR) and "sensitivity analysis" 
performed on the main variables affecting an investment pro­
posal. This type of analysis is the main contribution of 
the author in the second part.
The conclusions are highly theoretical insofar as no 
political factors have been included. These are indeed very 
important in decision-making in developing countries. How­
ever, such analysis goes beyond the scope of this study which 
is concerned only with tangible figures.
Values are expressed in dollars throughout the text for 
the sake of simplicity. All currency conversions from the
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Venezuelan bolivar to the American dollar were done at the 
fixed rate of Bs. 4.40 per U.S. $1.00. This rate does not 
include recent devaluation effects of the dollar which only 
amounted to approximately 2 percent with respect to the 
Venezuelan currency.
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MARKETING OF IRON ORE
Market Conditions
Iron ore marketing reflects the dependency of the in­
dustry on the economic conditions facing the parent steel 
industry. The development and production of iron ore, par­
ticularly pellets, is closely related to market conditions 
in the steel industry. In general, world steel production 
has increased steadily since 195 0, but production in the United 
States and Western Europe has not increased as sharply as in 
Japan. Japanese steel represents an increasing portion of 
the American domestic market. Imports of steel to the United 
States increased from about 10.7 million tons in 19 66 to 17.9 
million tons in 1968 (Skillings' Mining Review, 1969a, p. 28). 
American steelmakers spent great amounts to cut costs by in­
creasing pellet production, and by early 1969 the industry was 
mustering support for legislation to place limitations upon 
imports (Martin, 196 9, p. 13).
The once dominant position of American steelmakers in the 
world's steel industry is gradually changing. This change is
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indicated in Table 1, which is a list of the twenty leading 
steel producers of the world in 1967 and their rank in 1965 
and 1966.
Particularly noticeable in the table is the growth of 
the Japanese companies Yawata and Fuji, which recently merged 
to form the Nippon Steel Corporation, which now ranks second 
among the world's leading steelmakers. (Skillings' Mining 
Review, 196 9c, p. 23).
The list of the twenty leading steel producers gives some 
indirect indication of the location and extent of iron ore 
consumption in recent years. Table 2 is a list of the twenty 
leading, non-Communist sources of captive and merchant ore 
in 196 8, along with some indication of the extent to which 
these sources are engaged in pellet production.
From the late I960's to the present, pellet producers 
throughout the world have continued to increase their pro­
duction capacity by expanding existing plants and constructing 
new establishments. In 1971 pellet plants are estimated to 
have produced 16.5 percent of total world ore output. Table 3 
contains the most recent information on world's pellet capa­
city during the 1968 to 1972 period.
This table shows the changes in the pellet capacity of 
various producing areas during the four-year period. For 
example, production capacity of North American producers in
T-1599
TABLE 1
LEADING PRODUCERS OF STEEL (NON-COMMUNIST), 1967 
(MILLIONS OF NET TONS)
Production Rank
Firm Raw Steel 1966 196!
i! U.S. Steel Corporation 30.9 1 1
2. British Steel Corporation* 26.4 - -
3. Bethlehem Steel Corporation 20.5 2 2
4. Yawata Iron & Steel Co., Ltd. 12.8 4 6
5. Fuji Iron & Steel Co., Ltd. 11.7 5 10
6. Finanziaria Siderurgica 
S.p.A. (Finsider) 10.3 8 9
7. August Thyssen-Huette 9.5 7 5
8. Republic Steel Corporation 9.5 3 3
9. National Steel Corporation 8 .5 6 4
10. Nippon Kokan Kabushiki 
Kaisha 8.3 14 15
11. Sumitomo Metal Industries, Ltd. 7. 84 18 18
12. Kawasaki Steel Corporation 7.79 17 16
13. The Broken Hill Proprietary 
Company, Ltd. 7.46 13 13
14. Armco Steel Corporation 7.45 10 7
15. Jones & Laughlin Steel 
Corporation 6.9 9 8
16. Usinor 6.83 11 17
17. Pont-A-Mousson 6.80 27 26
18. Inland Steel Company 6.78 12 11
19. Hoesch AG 6.2 15 30
20. Youngstown Sheet & Tube Co. 5.7 16 12
*Formed July, 1967
Source: Skillings' Mining Review, 1969c, p. 23
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TABLE 2
LEADING PRODUCERS OF IRON ORE 




U.S. Steel Corporation 38.9' 5.8+
*Hanna Mining Company 26.5 14.7+
Luossavaara-Kilrunavaara AB (LKAB) 24.6 1. 8+
*Pickands Mather & Company 19.6 18.3
*Marcona Corporation 13.4 3.2
Cia. Vale Do Rio Doce (CVRD) 12.17 --- 1-
*Grangesberg Company 12.15 1.4+
*Cleveland-Cliffs Iron Company 10.3 8.7
The Broken Hill Proprietary 
Company, Ltd. (BHP) 9.8 0.8+
Reserve Mining Company 9.5 9.5
Hamersley Iron Proprietary, Ltd. 9.0 1 . 1+
Bethlehem Steel Corporation 7.9 1.7
S.A. Mines de Fer de Mauritanie 
(Miferma) 7.5 mmm mm, mm»
Kaiser Steel Corporation 6.2 2.5
Jones & Laughlin Steel Corporation 5.8 1.1
Cia. Minera Santa Barbara-Santa Fe 5.0 --—
*Gewerkschaft Exploration 4.9 — ---- 1-
South African Iron & Steel Industrial 
Corporation, Ltd. (Iscor) 4.7 —  —  —
National Iron Ore Company, Ltd. 3.9 ---
Inland Steel Company 3.5 1 . 0+
* Firm manages mining operations; shipments include ore from 
all associated operations.
+ Indicates that pellet capacity is under construction or that 
facilities were operating at partial capacity.
Source: Skillings' Mining Review, 196 9c, p. 24.
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TABLE 3
GROWTH IN PELLET PRODUCTION CAPACITY, 1968-1972 
(Thousands of Gross Tons)
Area May 19 68 May 1972 Percent
North America 71,790 85,696 19
United States 49,300 59,456 21
Canada 22,490 26,240 17
Europe 8,190 29,732 262
USSR 3,200 15,027 370
Sweden 3,495 7,765 122Netherlands - 3,250 —
Norway 600 1,800 300
Italy 470 510 9
Belgium - 450 -
West Germany - 400 -
Finland 225 2 70 20
Yugoslavia 150 15 0 0
France 50 110 12 0
Australasia 10,300 17,220 67
Australia 7,000 8,250 18Japan 2,000 5,404 170
India 550 1,550 182
China - 1,100 -
Philippines 750 766 2
New Zealand - 150 -
Latin America 3,500 6,345 81
Peru 3,500 3,300 -6
Brazil - 1,965 -
Mexico - 1,080 -
Africa 2,383 4,000 70
Liberia 2,383 4,000 70
96,163 142,993 49
Source: Earney, 1972, p. 33.
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196 8 was 71,790,000 tons; in 1972 the total was 85,696,000 
tons, an increase of 19 percent.
The same author of Table 3 indicates that as of mid-19 72 
a total of 2 0 plants were in operation in the United States. 
Canada had 12 producing plants; Europe, 21; Latin America, 3; 
Africa, 2; Australasia, 15, including Japan, which in 196 8 
had only two plants operating and by 1972 had seven plants 
on stream. Total world capacity during the period grew 49 
percent. If all pellet plants had been operating at their 
rated capacity during 1971, they could have accounted for 2 0 
percent of the world's total iron ore production (Earney, 1972, 
p. 34).
Market characteristics of iron ore differ considerably 
from those of most major metal commodities, but often these 
differences are not fully understood. Firstj  ̂ captive owner­
ship of domestic and foreign sources of iron ore is a general
characteristic of the industry, so jihat^a__large percentage__jof__
the iron ore produced in the world has a pre-determined market. 
Segond, most merchant ore is produced and marketed on the 
basis of long-term contracts, and the market value of such 
ore is competitive only at the time of contract negotiation^ 
Normally, such contracts include provisions to permit some 
adjustment to changing market conditions, specifying the mini­
mum tonnage of ore to be supplied with declining prices and
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the maximum tonnage of ore to be taken with increasing prices. 
Third/ thb market value of an ore is determined primarily by 
specific physical and chemical properties, which vary so much 
that price quotations for standard grades only indicate the 
basis for which the price of a specific ore is negotiated. 
Finally/ iron ore producers usually do not stockpile ores for 
the purpose of speculative trading, and there is very little
ore marketed on the basis of spot sales at the dock. In brief,,
FoÇC'l'O-
the true market value of iron ore reflects the existing rela­
tionship of mine and market; a ton of ore at the mine head 
has no real value except in terms of a market.
Present market conditions in the iron ore industry can 
be illustrated best with Some examples. An example of a re­
latively small natural ore operation is that of Western Mining 
Corporation in Australia. Present production is based on a 
contract negotiated in 196 3 with a group of 10 Japanese steel­
makers, involving the sale of 5.1 million tons of ore, delivered 
over a period of eight years, with shipments beginning in 1966 
at an initial rate of 5 00,0 00 tons per year and an annual in­
crease of 50,000 tons up to 700,000 tons per year (SkillingS/
D., 1969, p. 1). An example of a relatively large operation 
is the $200-million joint-venture project proposed by Cliffs
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to develop the Robe River district of Australia. This pro­
ject is based on a contract with seven Japanese firms that 
involves 87 million tons of pellets over a 21-year period, 
plus 37 million tons of sized ore over a 15-year period (Skil­
lings' Mining Review, 1969b, p. 4). The competitive aspects 
of the market are well illustrated by Marcona's agreement in 
1967 to sell Yawata four to six million tons of pellets, de­
livered over an 8-year period beginning in 1970, at a reported 
price of $0,215 per natural unit of iron. Marcona's price 
was lower than the quoted price for Hamersley ore from Aus­
tralia, because Marcona planned to ship the pellets from Peru 
in 125,000-dwt oil/bulk carriers (American Iron Ore Associa­
tion, 1968, p. 7). Pellet contracts also specify limitations 
on physical properties. For instance, in 1967 when Chowgule 
began shipping pellets to Japan from its new plant in Goa, 
four steelmakers notified Chowgule that the pellets would have 
to be improved, that the range in size, the percentage of fines, 
and the expansion rate of the pellets did not conform to con­
tract specifications (American Iron Ore Association, 196 8, 
p. 14). In a later contract, Japanese steelmakers rejected 
Chowgule's initial price of $0.22 per unit of natural iron, 
because the physical qualities of their pellets at that time 
were not competitive with alternative sources. Another impor­
tant element of competition lies in the ability of ore merchants
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to carry out the provisions of a long-term contract. Before 
signing a long-term contract, a steelmaker must be assured 
that an ore merchant has sufficient^reserves, equipment, and 
financial support to actually fulfill the terms of a proposed 
contract.
At the present time, the prime factor in the development 
of a pellet operation is a predetermined market, either captive 
or merchant. The reasons being the following: (a) pellet
technology has been improved to the point that it can be suc­
cessfully applied to a wide range of ores, (b) there are many 
orebodies available for exploitation, and (c) the increased 
demand for pellets has forced an improvement in grade and lower 
prices of natural ores to the point of being competitive with 
pellets. However, pellets have the advantage of being scarce 
and offer a partial solution to the steelmaker's problem of 
cutting production costs to keep pace with the highly competi­
tive steel market. Nevertheless, to develop a pellet project 
requires a large capital investment and the ore merchant feels 
no incentive to make a large investment in pellets without a 
definite, long-term market, and the steelmaker feels no incen­
tive to provide a long-term market without securing some mea­
sure of control over the future supply and grade of ore. Thus,
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in most cases, a definite market is a basic pre-requisite to 
the development of a pellet operation, and this is commonly 
provided by the consumer in the form of an investment in the 
project.
Demand for Iron and Steel
The consumption of iron and steel in any country is closely 
related to the living standards attained there. As national 
or regional incomes rise, so does the demand for steel and pig 
iron (United Nations, 1954, p. 44). The relationship is by 
no means linear, since the rate of growth of demand for steel 
in the industrialized economies tends to be slower than that 
in developing countries. Nevertheless, the relationship gen­
erally holds true. As a result, the transformation of the 
world economy and living standards during the years between 
195 0 and 1970 was of outstanding importance to the changing 
demands for iron and steel.
From a level of 191 million tons in 1950, the world ap­
parent consumption of steel rose to 593 million ingot tons 
in 1970 (Table 4). This increase represents around 2 00 per­
cent, and an annual average (compound) growth rate of 6 per­
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Pig iron consumption similarly rose from 134 to 440 
million tons, an almost identical rate of expansion (Manners, 
1971, p. 112).
These changes in demand brought about radical shifts in 
the geography of the markets for iron and steel throughout 
the world, as we will see in the following analysis by regions,
North America - Consumption of iron and steel grew slowly 
in the United States. The apparent consumption of steel was 
9 0 million tons in 195 0. Although the American economy con­
tinued to grow at a moderate pace, and the country's popula­
tion increased from 152 to 2 04 million (United Nations, 1971, 
p. 63), consumption fluctuated around a 90 to 100 million tons 
range throughout most of the period (Manners, 1971, p. 112).
The Canadian economy was at a much earlier stage of dev­
elopment in 1950. As a consequence, Canada's steel consump­
tion rose steadily to reach 11.2"million tons by 1970 (United 
Nations, 1971, p. 288), almost triple the 1950 demand of 4 
million tons.
Western Europe - The demand for iron and steel in Western 
Europe surged upward, with the countries of the European Eco­
nomic Community setting the pace. Steel needs grew from 45 
to 9 6 million tons during the decade to 196 0, and in the lat­
ter year Western European requirements temporarily exceeded 
those of North America (Manners, 1971, p. 113).
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By the early sixties, however, the rate of growth of 
iron and steel demand throughout the region had begun to show 
clear signs of slackening, and successive obstacles were pre­
sented to these countries. The levels of steel consumption 
per head were approaching the near saturation levels of the 
two North American economies. By 1965, therefore, the demand 
for steel in Western Europe had moved up to 115 million tons, 
which represented only 19 million tons increase in five years. 
The second half of the decade has shown a remarkable recovery 
of the region. By 1970, the demand had moved up to 14 7 million 
tons which is some 5 million tons greater than that of North 
America, and represents more than a quarter of the world market 
(Table 4).
Eastern Europe - In Eastern Europe the apparent consump­
tion of iron and steel expanded both faster and more consis­
tently than that of Western Europe between 195 0 and 1965.
By 197 0 the steel requirements rose to 152 million tons to 
create a market slightly larger than that of Western Europe 
(Table 4). However, the greater part of the region's use of 
steel continued to be located in the U.S.S.R., which by 1970 
afforded a market for 116 million tons (United Nations, 1971,
p. 288).
Asia - Undoubtedly, the outstanding development in this 
continent occurred in Japan, where a war-shattered economy
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consuming a mere 4 million tons of steel in 195 0 was trans­
formed into a growing industrial power using 71 million tons 
in 1970 (Moore, 1971, p. 28) .
In India, the other major market of Asia, progress was 
less spectacular; nevertheless, the demand for steel increased 
from less than 2 million tons to nearly 7.5 million (Manners, 
1971, p. 114).
The changing pattern of iron and steel consumption in 
the rest of the world defies generalization. In some regions 
and countries the growth of demand was quite dramatic; in 
others it barely changed throughout the twenty years. Table 5 
gives the apparent consumption of iron ore on a world basis.
The Growth of Steel Demand
The first response to the changes in the demand for 
iron and steel was a rush to expand existing iron and steel 
works and to build entirely new works throughout the world. 
Most of the new capacity was located in the regions with the 
largest and fastest-growing markets, that is, in Western 
Europe, Eastern Europe and Japan. Very soon there was a sur­
plus of productive capacity. After 1957 the situation changed 
from a seller's to a buyer's market. The rate of increase 
of steel demand showed a certain slackening, which is illus­
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steel production in the European Coal and Steel Community 
(ECSC) countries, Japan, the United Kingdom and the United 
States (United Nations, 1968b, p. 3).
TABLE 6
ANNUAL GROWTH RATES IN DEMAND AND PRODUCTION OF STEEL
Apparent














Source: United Nations, 196 8b, p. 3.
From this table we can see that during the period 1950-57, 
when there was a seller's market, the growth rate of demand 
in the ECSC area, in the United Kingdom and Japan was higher 
than during the ensuing period, 1958-65, generally accepted 
as one of a buyer's market. The situation in the United States 
differed from that in Western Europe and Japan: steel con­
sumption was at a peak level in 1955, reaching a fairly mod­
erate growth rate of 3.6%, if compared with those of other
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regions. The situation deteriorated after 1955, with an ab­
solute decrease of steel consumption, which was at its lowest 
in 1958. Since 1958, the United States market has enjoyed a 
phase of expansion of demand (3.5% annually), which has been 
to an increasing extent met by imports (United Nations, 1968b, 
p. 3) .
Supplies of Iron Ore
Production - Between 195 0 and 197 0, world iron ore pro­
duction increased from 2 45 million tons to 735 million tons. 
Table 7 summarizes the production, by region, in terms of 
actual tonnage, and Table 8 expresses the figures in terms of 
iron content .
Table 8 in terms of iron content eliminates disparities 
in grades of ores, and gives a better picture for discussion 
of the present trends in iron ore production for the different 
region of the world.
During the 1965-7 0 period ore production in Western 
Europe increased by 8 percent, due mainly to developments 
of production in the EEC countries and in northern Europe.
The growth is, however, far more appreciable in Eastern Europe, 
where, owing to the preponderance of the USSR, an increase of 
36 percent took place. In the aggregate, European production 
rose from approximately 141 million tons of iron content to 
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The rise in production on the American continent, al­
though amounting to only 2 0 percent on the average, is also 
the result of differing developments. While United States 
production rises little more than 12 percent, Canada's in­
creases* by nearly 30 percent, as does also that of Latin 
America, where the greatest increase took place in Brazil 
(United Nations, 1968a, p. 135).
The expansion of African production, 65 percent, is by 
far the most striking, apart from that of Australia. It is 
related to the poorer prospects for ore production in Western 
Europe, which Africa is advantageously situated to supply, 
and is mainly due to the rapid development of Liberian, Angolan 
and Mauritanian production.
The advance in the Far and Middle East was only 3 per­
cent because of technical restrictions, irrespective of com­
mercial considerations.
Australia is a special case, remarkable in that is has 
emerged as a major producer in less than ten years.
In the world at large (apart from China mainland, whose 
current level of production could only be estimated) a def­
inite upward trend in output characterized the period. The 
amount of 411 million tons of ore in 1970, represents an in­
crease of about 32 percent in five years, or 6% annually, 
which is in line with the growth rate anticipated in most 
countries.
T-1599 26
Figure 2 depicts graphically the data in Tables 7 and 
8, considering the period 1950-57 as one of the seller's 
market and that of 1958-70 accepted as one of a buyer's market.
Reserves
The term "reserves" is used to refer to specific areas 
on which enough geological work has been done to ensure with 
some degree of accuracy the physical existence of ore.
"Reserves - measured, indicated and inferred -
are defined as mineral masses considered exploitable
for usable material under existing economic and 
local conditions" (United Nations, 1968a, p. 25)..
The United Nations survey of iron ore resources made in 
1954 estimated world reserves of ore at 84,500 million tons, 
containing 41,700 million tons of metallic iron. New esti­
mates have been made by the same organization, based on in­
formation supplied by many countries and on recent publications 
The present estimates of world iron ore reserves and potential 
ores are summarized in Table 9.
These estimates represent the extent of present knowledge 
of a limited number of deposits and of mining areas. Later
on they will have to be revised, taking into account the re­
sults of further exploration and of future studies.
In the countries possessing the largest reserves, such 
as the USSR, the United States, Canada, Brazil, India and 
Sweden, reserves are already sufficient for several decades
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TABLE 9





Western Europe 20 6
Eastern Europe 104 14
Total Europe 124 20
North America 53 93
South America 42 42
Total America 95 135
Africa 13 14
Far East and Middle East 8 29
Oceania 8 7
Total World 248 2 05
Source: United Nations, 1968a, p. 26.
and resources have been to a large extent inventoried. This 
does not exclude the possibility that new resources may be 
brought to light in the vicinity of known deposits, and some 
of the potential ores will be reclassified as reserves as the 
countries expand industrially. It is, however, mainly the 
new countries of Africa and the Far East, and the undeveloped 
areas of South America, Australia and China mainland, for 
which the most significant increases in reserves can be ex­




Before any attempt is made to forecast the future demand 
for iron ore, it is important to recognize that the roots 
of iron ore demands lie in the markets for steel. Thus it 
is expedient to work back from forecasts of steel demand in 
order to reach a satisfactory estimate of iron ore needs.
Several valuable and sophisticated techniques to fore­
cast the future demand for steel, pig iron, and iron have 
been made by the United Nations, in particular by the Steel 
Committee of the Economic Commission for Europe. The consi­
derable resources available to the economists and statisticians 
of the ECE Steel Committee in making these forecasts, and the 
fact that the projections were made publicly available as re­
cently as 1968, mean that the writer would have considerable 
difficulty in improving upon them. Consequently, no new 
world steel demand forecast is made here, and the best esti­
mate of the size of the world market for steel in 19 80 is 




FORECASTS OF WORLD CRUDE STEEL PRODUCTION, 198 0 
(Millions of tons)
Forecast Model Low High Mean
I, Extrapolation of historical 
trend during "normal" years
a. Assuming constant
elasticity 650 995 823
b. Assuming decreasing
elasticity 575 865 720
II. Changes in living standards
a. Constant elasticity 920 1,060 990
b. Decreasing elasticity 727 855 791
III. Development of "steel stock"
a. Constant elasticity 860 970 915
b. Decreasing elasticity 685 800 742
MEAN FORECAST 830
Source: United Nations, 1968a, p. 319
In the 1968 study, the Committee attempted a steel de­
mand forecast on the basis of several alternative models of 
the growth of steel production, and hence, on a world scale, 
of steel demand. Let us consider now these models separately.
The first was an exercise to understand past and future 
variations in steel demand as a function of time. Projections 
were made on the assumption that steel demand developed at 
a steady rate (with constant income elasticity) in one case, 
and at a falling rate (with decreasing income elasticity) in 
another. The second model successfully related variations 
in steel demand to changes in the standard of living, as
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expressed by an index of gross domestic product. On the 
basis of world population projections and the assumption 
that the world gross national product per capita would con­
tinue to increase at the same 3.4 percent per year as between 
1950 and 1965, a second pair of figures for 1980 were ob­
tained, again on two assumptions of constant and decreasing 
income elasticity. A third model of demand growth related 
to the evolution of what the Committee terms the "steel stock", 
uses again the per capita gross domestic product and its 
growth rate as the explanatory variables. Given the assump­
tion that the demand for steel is primarily a function of,
on the one hand, living standards (or gross domestic product)
\
in any one year, and on the other hand, the need to replace 
obsolete steel structures and machinery, it was found statis­
tically possible to isolate historical trends in both these 
components in order to better understand the prospects for 
the future. Once again, two projections were obtained on 
the assumptions of constant and decreasing income elasticity 
of demand through time (United Nations, 1968a, p. 319).
The 1968 United Nations study, therefore, computed six 
sets of projections, two for each broad approach to the fore­
casting problem. For each set, high and low figures were 
derived on the basis of a confidence interval -of 95 per­
cent (these figures are shown in Table 10). As can be seen.
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the figures exhibit a substantial range. Even their mean 
values for the world's steel demands in 1980 range from a 
low of 720 million tons to a high of 990 million tons. As 
previously indicated the mean forecast was taken as the mean 
tonnage of the six mean values projected, which calls for a 
global demand of 830 million tons of steel in 1980. Table 11 
presents the United Nations forecasts of crude steel produc­
tion by geographical areas.
It is not unreasonable to assume that this demand will 
be satisfied, and that the resultant steel production will 
generate demands for pig iron that can be estimated. On 
the basis of 830 million tons of steel production, a ratio 
of 1:0.70 would yield a demand for 581 million tons of pig 
iron. A ratio of 1:0.73 (United Nations, 1968a, p. 321), on 
the other hand, would imply a demand for 6 06 million tons. 
Taking the mean value of these two figures we will have a 
forecast for world pig iron demand in 198 0 of 595 million 
tons. Hence, this figure affords the immediate basis for 
iron ore demands in 1980.
It will be assumed for the purpose of this forecast 
that the present ratio of pig iron production to iron ore 
consumption, 1:0.93, (Manners, 1971, p. 135) will fall slightly 
over a ten-year period, to 1:0.91 as a result of improving 
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modest increase in the use of scrap (Manners, 1971, p. 291). 
The world demand for iron ore is therefore forecast to in­
crease from 412 million contained tons in 1970 (Table 8) to 
541 million tons ten years later.
Venezuelan Forecast
The Venezuelan forecast for iron ore production will de­
pend primarily on the San Isidro deposit. The output of the 
El Pao and Cerro Bolivar deposits will continue to depend 
mainly on the United States market. But it is not impos­
sible that, if the ore from San Isidro is palletized, in view 
of its relatively good position in relation to the west Euro­
pean markets, Venezuela may be able to find continued out­
lets in that region and thus make better use of its produc­
tion capacity of 2 8-30 million tons a year. Japan could also 
become a very important market if present transportation costs 
could be reduced. An analysis of this possibility will be 
presented in the section on transportation. Another possi­
bility for increasing Venezuelan production of iron ore could 
be the results obtained by Orinoco Mining Company on the pro­
fitability of the pre-reduction process using natural gas. 
Should the prospects be good, the process might be applied 
to other deposits in the San Isidro "quadrilateral", which 
could then be brought into production - 700 million tons of
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proved and 4 75 million tons of probable reserves (Ministerio 
de Minas e Hidrocarburos, 1971, p. 70).
An attempt to forecast the Venezuelan production of 
iron ore was done using regression analysis to fit a linear 
trend to the production data by the method of least squares. 
The data from 1956 to 1971 was taken from the Ministry of 
Mines publication called "Hierro y otros datos estadisticos 
mineros" shown in Table 12.
It was observed in the analysis that the linear function 
gave a slightly better fit than the exponential curve. Both 
results are shown graphically in Fig. 3. The plot of both 
curves was done on arithmetic paper to compare the difference 
on the same basis. The production Y in relation to the year 
X (X = 1, 1956) is thus expressed by the equations: 
Straight-line fit:





The correlation coefficients are relatively low. The 
reason being the abnormal period of 1957 to 1960, when Vene­
zuelan iron ore production increased at an accelerated pace
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TABLE 12
VENEZUELAN IRON-ORE PRODUCTION 


















Source: Hierro y otros datos estadisticos mineros,
1971, p. 28.
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•until it reached a peak of over 2 0 million tons per year in 
1960. Ten years passed before this production was reached 
again.
The extrapolation of this trend to 198 0 gives an annual 
production of 23 to 24 million metric tons by that year, which 
compares well with a recent forecast from the United Nations 
(1968a, p. 148) ranging between 22 and 25 million tons per 
year.
Undoubtedly, future iron ore production from Venezuela 
depends on the rate at which potential markets develop and 




The best approach to determine the main features of the 
flow of trade may be to consider how the three main importing 
centers - Japan, the United States and Europe - obtain their 
supplies, taking into account established trade circuits and 
the possibility of increasing trade through those circuits.
Japan - Japan's ore supply is based on imports from 
many countries that are between 2,500 and 18,000 Km away.
Its first suppliers were the nearest Asian countries, where 
the particularly low freight rates largely offset the higher 
production costs. Because of its growing needs Japan looked 
further afield for its iron ore. It invested capital in the 
mines of the east coast of India and in Goa, and bought ore 
on the Pacific coast of North America. More recently, Japan 
has become interested in the Latin American iron ofe from 
Chile, Peru and Brazil, since the transport improvements a- 
chieved by its large ore-carriers make it possible to over­
come the disadvantages of hauls between 11,000 and 18,000 Km, 
as we will see under the section on transportation. Conse­
quently Japan's share in exports from Chile and Peru has
39
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exceeded 50%, whereas a few years ago the United States mar­
ket, despite the drawback of passage through the Panama canal, 
was the only outlet for those countries.
Japanese iron ore imports are expected to increase from 
45 million tons in 1966 to 150 million tons in 2000. The 
estimate for 1980 is 133 million; 1990, 142 million tons; 
and 2 000, 15 0 million tons (Japan Iron and Steel Federation, 
1966). Import estimates prepared by ten Japanese steel­
makers forecast that the proportion of supplies carried over 
6,000 miles would remain at about 30%, while the proportion 
carried less than 3,000 miles would fall from 3 0 to 18%, with 
a corresponding increase in the proportion carried for inter­
mediate distances. Table 13 indicates the present and po­
tential suppliers to Japan which includes Venezuela.
An evaluation of all contracts known at the end of 196 7 
show the following picture of the Japanese imports in 19 70 
(Table 14).
It should be noted from this table that one-third of the 
Japanese requirements were met in 197 0 by Australian mines. 
Another interesting fact to point out is that Brazil supplied 
6 million tons of iron ore out of the 18.5 million imported 
from Latin America while Venezuela was not even included in 
the list. This comparison between Brazil and Venezuela acquires
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Source: United Nations, 1968a, p. 141.
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significant importance when we know that the Brazilian iron 
ore industry is five years younger than the Venezuelan and 
still they have been able to invade world markets previously 
held by other countries. The reason for their success must 
lie in their aggressive search for mining investors because 
as we will see in the following paragraphs Brazil has higher 
f.o.b. and shipping costs to Japan than any other Latin Amer­
ican iron ore producer.
The following tables have been adapted from a mathema­
tical model of international ore trade flows in 1975, pre­
pared by the United Nations. Only the figures from Latin 
American producers are presented here because the sole pur­
pose in presenting them now is to stress the potential market 
which Japan represents to Venezuela. Unfortunately the im­
portance of this market has been overlooked by Government 
officials until now.
Table 15 gives the theoretical f.o.b. cost of ore per 
ton, in terms of tons of ore exported, and then in terms of 
standard ore of 63% Fe. It also shows the operating cost, 
cost of rail transport and the handling cost in ports. Note 
that Brazil's costs are higher than Venezuela's cost for both 
the exported and standard ore.
Table 16 gives the aggregate theoretical cost of iron 
ore per ton of standard ore (63% Fe), on the basic assump­
tions made for the calculations of the f.o.b. cost of ore
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TABLE 15
THEORETICAL F.O.B. COST OF ORE EXPORTED IN 1975
(US dollars per ton)
f.o.b.
Cost cost














Brazil 2.0 2.8 0.3 5.1 4.8
Chile 2.25 0.4 0.5 3.15 3.15
Peru 2.25 0.4 0.3 2.95 3.05
Venezuela 2.0 1.2 0.4 3.6 3.55
Source: United Nations, 1968a, p. 195.
and the shipping cost of standard ore. The different costs 
are classified by the major importing centers of iron ore: 
United Kingdom, European Economic Community (EEC), United 
States and Japan. In this case (with shipping cost included) 
Brazil's cost ($10.95)is still higher than Venezuela's cost 
($10.05). The importance of Japan's market to Venezuela will 
be further stressed in the section on transportation.
United States - This country has decreased its importance 
as a major importing center because of the rather small in­




AGGREGATE THEORETICAL COST OF IRON ORE IN 1975,
ON THE BASIC ASSUMPTION MADE FOR SHIPPING COST AND F.O.B. COST 
(US dollars per ton of standard ore, 6 3% Fe)
Importers
United EEC EEC United
Exporters Kingdom (north) (south) States Japan
Latin America
Brazil 7.66 7.80 7.72 7.56 10.95
Chile 8.70 8.86 9.10 7.08 8.81
Peru 8.11 8.30 8.55 6.45 8.48
Venezuela 6.55 6.72 7.00 5.36 10.05
Source: United Nations, 1968a, p. 196.
Between 196 0 and 1964 there was a marked change in the 
origin of the ores imported by the United States. In 196 0 
the captive mines in Venezuela and Chile furnished nearly 
19 million tons of ore out of the 23 million tons exported 
to the United States by Latin America, whereas Canadian ex­
ports to the United States were under 11 million tons. Four 
years later the position had been reversed: Canada supplied
over 25 million tons, while Latin America supplied only 14.5 
million.
This reversal appears to have been because United States 
steel producers had originally invested large sums in Latin 
America, since at the time they had no economic method of 
beneficiating the Mesabi taconites. When such a method was 
perfected, it was first applied on a large scale to the Cana­
dian orebodies because the Mesabi ores were unfavourable due
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to State tax provisions. Since 196 0 the investments in Canada 
have been very successful and the United States steel indus­
try now has financial control of over 70% of the Canadian out­
put (United Nations, 196 8b, p. 83); since the hauls are so 
much shorter than for the Latin American ores, it has cut back 
production at its mines in Latin America (particularly in 
Venezuela) and now imports about 70% of Canada's exports of 
iron ore.
With regard to non-Canadian imports, Africa and Latin 
America will continue to supply the remaining 30% of the United 
States needs. Because of Venezuela's greater proximity (a 
distance of 4,000 Km instead of 8,000 Km), it is likely that 
it will take a major portion of the required tonnage.
In any case, it should be noted that the relatively 
small increase in United States steel production, in conjunc­
tion with the expected increase in iron content from the ores 
in Lake Superior through the development of pelletizing, leaves 
very little increase for imports from all sources. This is 
the reason why Venezuela (except for the captive production), 
could not expect to allocate its future production from the 
iron ore national reserves to a very highly saturated market 
such as the United States.
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Europe - The patterns of trade in Europe are more dif­
ficult to forecast both because of the number of countries 
involved and because Europe does not enter into long-term 
contracts to the same extent as Japan.
Between 19 6 0 and 1964 requirements of the European Eco­
nomic Community countries in terms of imported iron content 
rose by nearly 50%. In 1970 net imports by the EEC countries 
amounted to about 4 0 million tons of iron content, after de­
duction of French exports to the rest of the Community. This 
represents a net increase of 12 million tons of iron content 
compared with 1964. The main suppliers have been Sweden, Africa, 
Latin America, India, Norway and Spain (United Nations, 196 8a, 
p. 153).
The trend of these trade flows after 19 70 cannot be 
assessed without considering the interests acquired by the 
steel producers of the Community in various exporting mines 
in Mauritania and Liberia which could very well account for 
12.5 million tons of the 50 million required by 1975.
The exports to EEC countries from Latin America, namely 
Venezuela, Peru and Brazil could be raised to about 10 million 
tons in 1975, with Brazil possibly contributing 6 million tons.
The United Kingdom ore imports are expected to increase 
to about 13 million tons of iron content by 1975. Like the 
EEC, the United Kingdom steel industry has always preferred
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to diversify supply sources. Its main suppliers are Sweden 
and Norway, Africa, Canada and Latin America.
It can be assumed that Sweden will remain the leading 
supplier in 1975 with over 3 0%. The African share is likely 
to reach 30% in the future because of the United Kingdom 
interests in the Mauritanian mines. Regarding the remaining 
imports, mainly those from Canada, Venezuela and Brazil are 
expected to remain the same as in 197 0.
Whatever uncertainty attaches to these new flows of trade, 
it does not seem likely that exports from the American con­
tinent to the United Kingdom will increase very much in the 
future. On the contrary, any changes are likely to affect 
the proportions coming from Brazil and Venezuela, especially 
on account of the relative closeness of Canada (3,000 Km or 
less) and the recently negotiated agreements with Australia 
and with the USSR (United Nations, 1 9 6 8b, p. 89).
Eastern Europe is almost a captive market for the USSR 
and some Asian producers. It does not represent a potential 
market for Venezuela because of the lack of diplomatic rela­
tions with the Communist block; therefore, further analysis 
of this area is unnecessary in this study.
Iron-ore Prices
The foregoing analysis has brought out the pattern of 
international trade in iron ore and possible trends in the
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near future. Let us see now the effects of these trade 
patterns on iron ore prices.
The considerable increase in iron-ore consumption which 
took place between 195 0 and 196 0 and the still greater increase 
in the volume of international trade brought an appreciable 
rise in prices, reaching a peak in 1957/58. This induced 
the consumers of iron ore in the industrialized countries to 
aim at stabilizing part of their future raw materials cost by 
themselves developing large captive mines in the new iron-ore 
countries. Since 1957 and 1958, iron-ore prices have fallen 
due to the increasing availability of iron ore through the 
opening of new mines with large capacities and through im­
proved shipping facilities, as well as the reduced growth of 
steel demand in some of the large ore-importing countries.
The change from a seller's to a buyer's market was illustrated 
in Fig. 2.
There are a number of difficulties to be found when 
studying the evolution of iron-ore prices. Published statistics 
are scarce and often incomplete. Some which are published re­
gularly, such as the Great Lakes prices in the United States 
or the f.o.b. quotations for Kiruna B and D, are only reference 
figures which can differ considerably from the immediate prices 
negotiated. Other quotations relate often to ores with closely 
specified characteristics, making comparison with prices of 
other ores difficult.
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Prices may be quoted f.o.b. or c.i.f., depending on 
which of the parties undertakes the shipping. Buyers generally 
prefer to purchase ore f.o.b. and negotiate ocean freights 
separately. Sellers prefer c.i.f. contracts. Either party 
may have fleets of ore carriers within their own control.
Contract prices may also be unique because of special 
conditions. Some producers, owing to their geographical 
situation, have only a single purchaser. Some producers 
are captive in the sense that they ship most of their out­
put to a single consumer, who has invested in the mine (such 
is the case of the presently producing mines in Venezuela).
The only factor which has been possible to determine with 
an adequate degree of precision is the average iron content 
of the ore; but other factors such as the moisture content 
of an ore, can have considerable consequences in determining 
the price of the product. The distinction between lump ores 
and fines, which is rarely made in foreign trade statistics, 
can give variations in price from 2 to 3 US cents per unit 
of iron (United Nations, 1968a, p. 88).
The price per unit of iron has been taken as the term 
of comparison between the various ores traded although the 
value of an ore is also dependent on its physical and chemi­
cal characteristics. In commercial practice the term "unit 
value" or "unit price" signifies the price per Fe unit con­
tained in a given type of ore : the unit value (price per Fe
T-1599 51
unit) of an iron ore containing 60% Fe and costing $5.40 per 
ton is $5.4 0 divided by 60 = $0.09, or 9 cents per unit of 
iron. In economic-statistical analysis the term "unit value" 
refers to the result of dividing the total value of exports 
or imports of a given product by the corresponding quantity. 
Widely used are also price quotations in dollars per ton which 
will be used in our analysis.
Price Behavior - The rising value of ore throughout most 
of the fifties was a function of ore and shipping shortages, 
and partly of mining cost inflation. It also contained ele­
ments of price discrimination under which mining companies 
raised their export prices well above the ruling price levels 
for their home sales. These shortages of ore did not last 
long and by the mid-fifties, the supply situation began to 
ease. By 195 8 there were clear indications that the shortages 
were giving way to adequate supplies, which in turn were trans­
formed into surpluses. Even as late as 1965, there were occas­
sional shortages of particular types of ore. Pellets were 
not abundant and their price remained relatively firm. But 
generally speaking the price of iron ore began to fall from 
195 8 onward.
By 1965 the average value f.o.b. of Brazilian ore ex­
ports had fallen from $14.37 to 1958 (Table 17) to $10.24 
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on a c.i.f. basis (Table 17). The main reason why some coun­
tries whose export prices moved down only slowly was because 
their mines were either partly or wholly owned by American 
iron and steel corporations, and the further fact that they 
exported chiefly to the United States market. Venezuela 
(Table 17) is a typical example. This fact only reflects 
the internal pricing policies of the American iron and steel 
industry rather than the interplay of supply and demand on 
price.
Japanese imports from Brazil fell on the average from 
$34.07 per ton in 1957 to $12.34 in 1967, and imports from 
Chile fell from $30.69 to $13.79 per actual ton (Manners,
1971, p. 266). The import price c.i.f. to Japanese ports 
from Goa fell from $12.42 in 1960 to $11.63 in 1965 (Table 17).
A further fall in Japanese prices, to be seen especially in 
the contracts with Australia's mining companies, is assured 
into the mid-seventies.
Some of the reasons for the steady weakening of the world 
market for iron ore from the late fifties onward have been 
pointed out by Professor Manners (1971, p. 267). The success 
of both the technological effort to lower the production and 
preparation costs of low-grade ores, and the exploration in­
vestment to find new sources of high-grade ores. Simultaneously, 
the falling level of freight rates, which allowed more mines
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to ship their ores with profit over greater distances, in­
creased the market competition and helped to ease the price 
of ore downward. There were other reasons too. Once the 
mining operations at the new sources of ore had been started, 
the incremental cost of expanding their capacity was quite 
small. The temptations for new ore producers to expand their 
output and lower their prices with the hope of gaining a 
larger share of the market were very strong. This desire was 
clearly apparent in the mid-sixties in Australia, where sev­
eral companies had proved the commercial worth of their con­
cessions and were anxious to acquire long-term supply contracts 
with the Japanese iron and steel industry. In the struggle 
for markets, the mining interests underestimated the size of 
contracts the Japanese were willing to negotiate and the price 
of ore fell dramatically.
The influential role of the Japanese iron and steel in­
dustry in determining a market price for iron ore in the last 
decade, has forced the author to choose the existing prices 
under the long-term purchase contracts to Japanese steelmakers 
as the most reliable forecast of future prices in the industry.
Table 18 indicates the average delivered price of iron 
ore at Japanese ports, from all the existing contracts up to 
the year 1984. The price is composed of the f.o.b. price at 
the port of origin plus the ocean freight charge. A similar
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table (Table 24) is presented for iron ore pellet contracts 
in the section on transportation. Those contracts for pel­
lets extend to the year 1991.
Table 18 and 24 have also afforded the high and low prices 
used for the sensitivity analysis performed on the San Isidro 
project in the second part of the thesis.
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TABLE 18
LONG-TERM IRON ORE CONTRACTS BETWEEN OVERSEAS SUPPLIERS 
AND JAPANESE STEELMAKERS, 1969-84, INCLUSIVE*
(dollars)
Weight Average price Average charge Average
thousand f.o.b, ocean freight delivered price
Year long tons port of origin _______________  at Japanese ports
19 69 67,910 $8.20 $3.90 $12.10
1970 69,484 8.20 3.90 12.10
1971 6 8,069 8.20 3.70 11.90
1972 68,197 8.20 3.70 11.90
1973 59,190 8.20 3.60 11.80
1974 57,890 8.20 3.60 11.80
1975 53,650 8.20 3.5 0 11.70
1976 48,640 8.30 3.40 11.70
1977 44,444 8.50 3.30 11.80
1978 41,590 8.50 3.2 0 11.70
1979 30,900 8.90 2.90 11.80
1980 25,800 8.90 3.00 11.90
1981 9,300 9.10 2.40 11.50
1982 8,300 9.10 2.40 11.50
1983 3,100 9.20 2.40 11.60
1984 3,100 9.20 2.40 11.60
* Estimated for ore or concentrates containing 62 percent Fe,
0.10 percent P, 0.10 percent S, 0.10 percent TiOg, particle 
size 80 percent plus 10 mm.
Source: Moore, 1971, p. 39.
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TRANSPORTATION
Technical and Economic Characteristics
The enormous advances made in ocean transportation in 
the last two decades and the resultant reductions in the cost 
of moving the ore have been the response to changes in the 
geographical pattern of trade. The trend in the main con­
suming countries towards using richer ores from new but more 
distant sources instead of lower-grade home ores; and the 
emergence of Japan as we saw in the previous section, as one 
of the foremost importers of iron ore have been the two im­
portant features in the development of the geographical pat­
tern of ore trade. All this is reflected in a considerable 
increase in the total tonnage of iron ore carried in ships, 
from 30 million in 1950 to 220 millions in 1969 (Table 19). 
Consequently, changes in the size and type of the world ore- 
carrier fleet and of loading and handling facilities were 
necessary to meet this transportation revolution.
Ocean ore carriers are expensive pieces of transport 
equipment. In 1965 a 25,000-dwt vessel cost $3.4 million 




PRINCIPAL IRON ORE MOVEMENTS IN 1969
Preliminary figures - in thousand metric tons
TOTAL
From-To UK EEC USA JAPAN 1969
Scandinavia 5,663 26,688 418 89 32,858
Other Europe 1,959 2,854 - 1,133 5,946
North Africa 444 2,490 - - 2,934
West Africa 3,893 22,612 3,44 0 5,554 35,499
South Africa - 9 - 2,669 2,678
India - 517 — 13,157 13,674
Malaysia - - - 5,902 5,902
Philippines - - 12 1,620 1,632
Canada 2,941 4,061 18,700 1,903 27,605
USA - - - 3,328 3,328
Venezuela 1,533 2,913 13,775 - 18,241
Brazil 1,037 11,245 1,163 3,955 17,400
Chile - 15 6 1,780 7,944 9,880
Peru - 735 1,037 8,914 10,686
Australasia 318 2,610 290 22,679 25,897
Not specified 660 706 46 4,048 5,460
Total 1969 18,468 77,596 40,661 82,895 219,620
Source: OECD, 1969, p. 49.
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Yet the investment, in terms of its carrying capacity, affords 
an extremely inexpensive way of transport.
The overall cost of shipping ore in an ore-carrier is 
made up of:
The cost of loading the ship.
The cost of ship's time while in the loading port.
The cost of ship's time at sea, loaded with ore.
The cost of unloading the ship.
The cost of ship's time while in the unloading port.
The cost of ship's time at sea, returning in ballast.
The ratio of capital to operating costs for ore carriers 
is subject to considerable variations, but in general it can 
be said that in terms of capital charges represents about 40 
percent of the total costs of small ships on short trips, and 
45 percent for large ships on long hauls (Table 20).
The economic advantages of ocean carriers and their low 
ton-kilometer costs are based on a relatively high degree of 
vessel use. The more revenue ton-kilometers a ship can be 
worked, the lower become its ton-kilometer costs. As a re­
sult of an increasingly competitive shipping market the owners 
and operators of ore carriers had to go to considerable lengths 
to intensify the use they made of capacity. First, they en­
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than a single trip, by offering freight rate discounts for 
long-term charters.
A second way in which the shipping industry intensified 
the use it made of ore carriers was to encourage, through its 
freight rate structure, faster port operations, which can add 
anything from $1.5 0 to $2.5 0 per actual ton to the line-haul 
freight rate for shipping ore.
In addition to the considerable loading, discharging, 
wharfage, and demurrage charges incurred in port, a ship not 
at sea is an investment failing to earn a return. In port, 
a vessel incurs about three-quarters of its expenses at sea, 
as shown in Table 20. Where port facilities are such as to 
require ships to spend a considerable time waiting to be 
loaded or discharged, a ship's earning opportunity is reduced 
and its ton-km cost is raised. The rates to and from that 
port are therefore adjusted upward by the shipping industry.
The third way put in practice by the industry to fully 
use its vessels was to search for suitable return cargoes.
For example, the movement of Liberian or Canadian iron ore 
to the east coast ports of the United States was combined 
with the shipment of American coal from Norfolk and Newport 
News to Western Europe; only the return trip (to West^Africa 
or the St. Lawrence) was sailed in ballast.
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The limitation to this type of triangular trade was the 
geographical imbalance of dry bulk commodity flows. The 
United States imported ore and exported coal, but Western 
Europe and Japan were large importers of both of these raw 
materials. In response to this problem, the Japanese developed 
the multipurpose carriers, which were capable of transporting 
ore, coal, bauxite, grain or oil. By building into ocean 
vessels an additional versatility in such way, the slightly 
higher costs of construction could be more than offset by 
additional revenue-earning capabilities.
The fuller use of the capital invested in ships by such 
transport arrangements has been reflected in the rates nego­
tiated for ore transport. The Japanese have imported Brazi­
lian ore in ore/oil carriers that sail in ballast to the 
Middle East, pick up crude oil for Western Europe or the 
United States, and then return in ballast to Brazil. The 
cargo-haul distance is estimated as more than 35,000 km out 
of a total round trip of 53,000 km, a payload-to-distance 
ratio of 66 percent. The rate calculated for moving ore from 
Tubarao, Brazil, to Japan in 70,000 dwt ships on a direct 
shuttle service was as low as $5.50 per actual ton, but with 
the introduction of 125,000 dwt ore/oil carriers on the quad­
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Economies of Scale and Long Haul Transport
The above mentioned trends were not the only develop­
ments reducing the shipping industry's costs. Equally im­
portant was the exploitation of scale economies in ore move­
ments. Over a 16,00 0-km return journey the estimated 1962 
cost to a ship operator using a 15,000-dwt vessel was $4.25 
per actual ton. The cost of a 35,000-dwt vessel was $2.50, 
and of a 65,000-dwt vessel, $2.00 (Jones, Bardelmeier, Clements 
& Co., Ltd., 1965, p. 38). In other words, per actual ton 
of ore carried, the 65,000-dwt vessel incurred one-half of 
the total expenses of a 15,00 0-dwt vessel. The annual oper­
ating costs of the same size vessels were respectively, $2 3,
$11 and $7 per ton. As a consequence of these scale economies, 
the average size of vessels carrying ore increased steadily 
during the fifties and sixties.
From the viewpoint of the naval architect, no technical 
reason exists why ore carriers of 300,000 or 400,000 dwt should 
not be built. Their development, however, is halted by the
I
following factors, according to G. Manners (1971, p. 183).
1. The geographical pattern of steel demand and the 
historical and existing structure of the industry have all 
militated against the construction of many works with an annual 
capacity exceeding 3 or 4 million tons. Yet it is only works 
over this size that can readily handle loads of 10 0,000 or 
15 0,0 00 actual tons of ore.
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2. The existing loading and unloading technology inhibits
a fast turn around for very large carriers. Possibly the ship­
ments of iron ore as a slurry being tested on the Peru-Japan
run will remove this obstacle.
3. The depth and width limitations of the Panama and Suez
canals (the former can only take certain 65,000-dwt bulk car­
riers) .
4. There are only a limited number of ports in the world 
capable of handling very large ships.
This last factor is one rapidly changing. By the end 
of 1973 Japan expects to have enlarged two ports that will 
receive ships of 100,000 dwt; seven to accomodate 150,000 
to 200,000 dwt, and seven to handle vessels of 200,000 to
250,0 00 dwt. Other countries are also increasing the capacity 
of their ports: the Netherlands' Europort near the mouth of
the Rhine river was being dredged as early as 196 9 and should
soon be capable of receiving ships up to 2 00,000 dwt and per­
haps more; Seven Islands on the St. Lawrence Gulf in Canada 
can now handle ships of the same capacity (Fillmore, 1972, 
p.33).
These numbers are important because the new shipping 
efficiency is very much a function of size. When you go from 
a 66,000 ton vessel to a 160,000 tonner, says Mr. R. J. Linney, 
(1969, p. 80), executive vice president. The Hanna Mining Co.,
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you cut $2 a ton from the cost of shipping ore from Seven 
Islands to Japan. If a return cargo can be arranged, he says, 
the cost to Japan drops by another $1 or more - to $3.49 a 
ton.
A final aspect of the changing technology and costs of 
ocean ore transport was the increasing advantage taken of the 
economies of the long haul. Because the proportion of time 
a vessel spends at sea increases with longer journeys, tapering 
rates have always been a fundamental characteristic of ocean 
freights. If one assumes that it takes two days to load and 
two days to discharge an ore carrier efficiently, a vessel 
shuttling on a line-haul taking four days can theoretically 
earn a return on its capital for 33 percent of the time. How­
ever, if the line-haul distance is lengthened to eighteen days 
of sailing, the potential earning capacity of the vessel is 
theoretically increased to 45 percent of the time (Jones, 
Bardelmeir, Clements & Co., Ltd., 1965, p. 39).
The impact of all these developments in the technology, 
costs, and organization of ocean bulk shipping resulted in 
a changing level of iron ore freight rates. A drop in freight 
rates from $20 to $4 per ton (such as is the case of a direct 
shuttle service between Brazil and Japan) in fifteen years 
may reflect an extreme case. Yet reductions of 5 0 to 60 per­
cent along other routes are not particularly difficult to
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find. There was also a decline in another sense. Ocean rates 
are negotiated irrespective of the quality of the ore to be 
shipped. Thus, if a rate is fixed for $3,30 per actual ton, 
it represents a charge of $6.60 per ton of contained iron in 
the case of a 50 percent Fe ore, and $5.08 in the case of a 
6 5 percent Fe ore. Therefore, as the iron content of ores 
sold internationally increased> the freight rates for contained 
iron in effect fell even faster than the rates for actual tons 
of ore.
The Venezuelan Transportation Problem
Previous paragraphs have shown us what the new trends 
are in ocean transport and how they have affected the market­
ing of iron ore throughout the world. Let us see now the 
specific effects on the Venezuelan iron ore industry and what 
could be done to advantageously participate in these techno­
logical developments. Japan once again is the country where 
the author has concentrated his research because of all the 
investigation conducted thus far in this study, there is no 
doubt that all the indicators point out to that country as 
the only possible market for the Venezuelan product.
Table 22 and Table 2 3 indicate the iron ore and pellet 
prices quoted in the Japanese market during 19.68. They were 
made up by evaluating the existing purchase contracts. The 
average price received by each shipper was converted to the
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TABLE 22
ESTIMATED PRICE PER LONG TON OF AVERAGE COMPOSITION IRON ORE 
















Korea, North $ 9.75 $1.70 $11.45
Australia 9.40 2.40 11.60
India 7.70 4.00 11.70
Liberia 7.10 4.60 11.70
Peru 7.40 4.50 11.90
Angola 7.80 4.10 11.90
Canada (British Columbia) 9.30 2.90 12.20
USSR 6.30 6.00 12.30
Brazil 7.70 4.60 12.30
Hong Kong 9.70 2.80 12.50 ̂
Philippines 9.90 2.70 12.60
All countries, average 8.40 4.20 12.60
Korea, South 11 .JO 1.70 12.80
Malaysia 9.00 4.00 13.00
Thailand 9.20 4.00 13.20
Swaziland 8.30 5.80 14.10
Chile 7.90 6.50 14.40
South Africa (Republic of) 9.00 5.80 14.80
United States (California- 
Nevada) 11.10 4.30 15.40
*Estimated from 196 8 purchase schedules; average iron ore 
composition taken as 62.0 percent Fe, 0.10 percent P, 0.10 
percent S, 0.10 percent Ti02/ particle size 80 percent plus 
10 mm (agglomerating cost for fines estimated at $1.00 per 
ton) .
Source: Moore, 1971, p. 39.
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TABLE 2 3
ESTIMATED PRICE PER LONG TON OF AVERAGE COMPOSITION IRON ORE

















Philippines $11.90 $2.70 $14.60
Australia 12.40 2.30 14.70
Peru 10.70 4.50 15.20





* Estimated from 19 6 8 purchase schedules; average composition
taken as 64 percent Fe and insignificant contaminants 
Source: Moore, 1971, p. 38.
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price that would have been received under the terms of his 
individual contract if his ore had the grade and composition 
of a hypothetical standard ore. The tables are most impor­
tant for our further analysis.
The average price f.o.b. per ton of pellets for the 
projected Venezuelan plant will be $10.80 (written communica­
tion from the Ministry of Mines). If we look at Table 2 3 we 
note that only Peru has a lower price ($10.70). To estimate 
the freight rate from Venezuela to Japan we could look at 
Table 22 and take Liberia's rate, which is at approximately 
the same distance to Japan. The indicated rate would be $4.6 0 
Unfortunately, Venezuelan ports are limited to 65,00 0 dwt 
ships while Liberia's can take up to 93,000 dwt (Table 21).
However/ the rate charged for any particular haul is 
not only a function of the size of the vessel. Other factors 
are the length of the charter, the" distance of the haul, the 
efficiency of the ship's use, and to some extent the owner­
ship and the flag of the vessel. In addition, it is affected 
by the state of the market for bulk commodity tonnage at the 
time of the charter.
Ocean freight contracts are awarded on a bid basis and 
are competitive as far as the shipper is concerned; however, 
shipping lines are often helped by government subsidies.
Rates reflect the supply and demand relationship between the 
volume of freight and the quantity of unused shipping capacity
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when the contract was advertised. In times of shipping abun­
dance, the shipowners are willing on some occasions to accept 
rates that cover no more than their operating costs, simply 
in order to get a ship into a more favorable geographical lo­
cation, where it can pick up a profitable traffic, or perhaps 
to gain time until the market improves.
From all these facts we can see that the important deci­
sion in the Venezuelan project is to start making early con­
tacts with the Japanese Government. Exerting a little pres­
sure could be favorable, because of the importance of our 
market to Japan. Also, contracts with the shipping lines to 
work out possible routes for our ore, in an effort to increase 
their payload-to-distance ratio, would be in order.
As an example let us examine the possible quadrangular 
arrangement for an operator working in all the iron ore routes 
known today.
From_________  To Ship's Condition Total Distance
Venezuela Japan Hauling ore 25,200 km
Japan Australia In ballast 6,700 km
Australia Europort Hauling ore 21,2 00 km
Europort Venezuela In ballast 8,100 km
Payload-to-distance ratio = ^ggtal distance
_ 46,400 km _
61,200 km '
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This high payload-to-distance ratio along with the long 
haul distance are very significant to reduce the ton-kilo- 
meter costs of hauling iron ore, as it was discussed earlier.
We must point out that Japanese steelmakers buy most 
iron ore at f.o.b. price, to enable them to employ their own 
merchant marine and shipping industry. Therefore, an arrange­
ment as indicated in the example is very feasible. This fac­
tor could make the Venezuelan iron pellets competitive in the 
Japanese market.
As we note in the long-term iron ore pellets contracts 
of Japan (Table 24), the average delivered price at Japanese 
ports in 1975 will be $14.30 per ton. If we take the export 
price of Venezuelan pellets as $10.80 and assume a freight 
rate of $4.00 (in 1975), our total delivered price to Japan 
would be $14.80 which is not much higher than the contracted 
$14.30. The difference could be accounted for in the extra 
bonus for the higher content of the Venezuelan pellet - 6 8%
Fe as against 64% Fe presently delivered.
We have seen the possibility of making the Venezuelan 
pellets competitive in the Japanese market. The steps to 
accomplish such purpose could be summarized as follows:
1. Investigate the present conditions of ocean transpor­
tation, to find out if there are shipping lines willing to 





TERM IRON ORE PELLET CONTRACTS 
JAPANESE STEELMAKERS, 196 9-91
(dollars)

















1969 10,455 $12.00 $3.20 $15.20
1970 10,405 12.00 3.20 15.20
1971 9,910 11.90 3.10 15.00
1972 11,425 11.80 2.70 14.50
1973 11,925 11.70 2.70 14.40
1974 11,825 11.60 2.70 14.30
1975 10,675 11.60 2.70 14.30
1976-
77 10,025 11.60 2.60 14.20
1978 6,925 11.50 2.30 13.80
1979-
87 6,325 11.40 2.30 13.70
1988-
91 4,200 11.50 2.30 13.80
* Average iron ore pellet composition taken as 6 4 percent 
Fe and insignificant contaminants.
Source: Moore, 1971, p. 40.
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2. Study the possibility of reducing the export price 
of pellets to Japan by the marginal difference of approxi­
mately $0.40 per ton. This would make Venezuelan pellets 
competitive even before any port improvements were accom­
plished.
3. Start immediately a study to either dredge deeper 
the Orinoco river or build a new port capable of handling
at least ships from 100,000 to 125,000 dwt. This investment 




A summary of the first part of the thesis will indi­
cate the highlights to keep in mind when in the second part 
a conclusion must be reached on the San Isidro project.
We have seen how the world market for iron ore has ex­
panded and changed considerably over the past twenty years.
We have also considered why the unique market characteristics 
of iron ore are different from most major metal commodities, 
and how as a consequence of the increase in world steel pro­
duction after World War II certain steel-producing countries 
became concerned at the approaching exhaustion of their na­
tional deposits.
The fear of a scarcity of iron ore had two positive re­
sults: a) it gave rise to a considerable amount of explora­
tion in Canada, Latin America, Africa, the Far East and Aus­
tralia, with the net result of substantial deposits of ore 
being discovered; b) it stimulated research in metallurgical 
laboratories where new techniques for enriching ores have 




The prospecting carried out on a large scale in all 
parts of the world has shown that iron ore is one of the most 
plentiful minerals in the earth's crust. The world's total 
known reserves in iron ore amounts to 24 8,000 million tons, 
in addition to which potential reserves were estimated at
205,000 million tons.
The next topic treated in the first part was the fore­
casting of iron-ore requirements and production capacity for 
1980. The iron-ore requirements have been derived from the 
forecasts of pig iron production, which in turn are based 
on the forecasts of crude steel production for the same years, 
taking account of likely trends in the future pig-iron/scrap 
ratio. On this basis, crude, steel production was forecast 
to reach 830 million tons by 19 80, while the demand for pig 
iron and contained iron for that same year should be 5 91 mil­
lion tons and 5 41 million tons respectively.
A Venezuelan forecast for production was also attempted 
obtaining a range between 23 and 24 million tons for 1980.
All the existing conditions indicated thus far plus the 
post-war changes in the geographical pattern of world steel 
production and the emergence of new large producers which 
lack domestic raw material resources (for instance, Japan), 
have led to a very large increase in international trade in 
iron ore. Moreover, since new qualities.of ore have come
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into the market, there has also been a change in the struc­
ture of this trade.
This twofold development in the iron-ore market is likely 
to continue until the end of the period covered by the present 
study (1980). International trade in iron ore will continue 
to grow in response to the increasing requirements of the 
iron and steel industry, and as a consequence of the substan­
tial export capacity which is likely to come into existence, 
particularly in Australia and Brazil. The grade and quality 
of the ores produced will continue to improve. The produc­
tion of pellets, which represented only 6 percent of world 
production of marketable ores in 1964, may attain 30 percent 
by 1980.
Between 195 0 and 195 7 world market prices for iron ore 
increased considerably as a consequence of the rapid increase 
in steel requirements. As, however, iron-ore production ca­
pacities increased even faster, these prices have since under­
gone an important decrease despite growing demand. The Ja­
panese steelmakers have been most influential in this down­
ward movement of iron ore prices.
Finally, the main technological developments in ocean 
ore transport during the past two decades affecting the freight 
rates have been: the falling costs of ship construction; the
measures taken to increase the use of vessels, especially by
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increasing the payload-to-distance ratio; the construction 
of larger ore carriers; and the exploitation of long-haul 
economies. Venezuela has not taken full advantage of these 
developments because of both technical and economic con­
straints on the provision and maintenance of channels and 
ports capable of handling very large carriers.
The study in this first part has shown that iron-ore 
resources are abundant and exist in most countries of the 
world. It has, moreover, also shown that most existing mining 
areas possess ample capacity reserves, plants and ports, suf­
ficient to expand their production at relatively low invest­
ment costs per additional ton of capacity.
Therefore, if a new project is considered, due attention 
must be given to these facts, and a careful study must be made 
of local technical and economic conditions, possible national 
or regional markets for the particular types of product to be 
produced, freights, and the overall conditions which a new 
mine will have to face as described in the present study.
We have also seen in this part how the Japanese market 
offers the best opportunity to the Venezuelan product; but 
at the same time we emphasized that the present situation on 
the world market for iron ore is characterized by an excess 
of potential supply over demand and by excessive eagerness
T-1599 79
among producers for entering the Japanese market. In view 
of these facts, decisions on the opening of new mines must 
take into account the probable volume of future demand and 
its occurrence in time and in space, the quality requirements 
resulting from changes in iron and steelmaking techniques, 
the probable level of future prices, and above all the assur­
ance of a market; otherwise, there would be a risk of wasting 
capital resources, which would be very detrimental to the 






As mentioned early in the introduction the first part 
of this study is concerned with the main features of the 
current pattern of the world iron-ore market and the most 
likely trends for the future. This second part is dedicated 
exclusively to the San Isidro iron-ore deposit in Venezuela. 
The author has relied heavily on the information gathered 
from several studies conducted by the Ministry of Mines and 
Hydrocarbons of Venezuela, which were generously provided for 
this thesis with due restrictions as to the sources because 
of their confidential character.-
The San Isidro "quadrilateral" as it is generally known, 
is located in the Heres District of the Bolivar state. It 
is composed of six iron-ore deposits of very high grade which 
represent the most important national reserves of Venezuela 
(Fig. 4 ). The proven reserves have been estimated at 7 74 
million tons of which 397 million tons alone are in the San 
Isidro hill. The average composition of the ore is 64.7 per­
cent Fe, 1.5 percent SiOg, 1.2 percent Al2 0^ and 4.5 percent 
ignition loss (Ministerio de Minas e Hidrocarburos, 1971, 
p. 72). 82
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FIGURE 4. National Reserves d Venezuela. San lsldro"Quadrilaterai.'
SOURCE • Ministry of Mines and Hydrocorbons
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San Isidro is located 14 Km east of the O.M.C. (Orinoco 
Mining Company) railway-which goes from Ciudad Piar to Pto.
Ordaz (Fig. 5). The existence of this means of transportation 
facilitates sending the production to the shipping port. The 
port installation will be located next to Sidor, the national 
steel works. It will be about 5 Km from the railway and 2 0 
Km from Pto. Ordaz as can be appreciated in Fig. 6.
The roads in the area are all paved including the one 
that goes to the foot of the San Isidro hill (Fig. 7). Ciudad 
Piar is only 13 Km from the deposit and because it is the 
center of mining activities for O.M.C. the community is equipped 
with all the facilities of a modern mining town. This is a 
very important asset to the San Isidro project since all the 
personnel estimated for the operation can be incorporated in 
this community. In addition, the Guri dam, capable of gener­
ating enough hydroelectric power for all the eastern part of 
Venezuela is only 60 Km from San Isidro, which gives cheap 
and abundant electric energy for the project.
Geology
Geologically San Isidro is a residual deposit. In these 
deposits most rocks contain iron, and under favorable condi­
tions their decomposition results in a residual concentration 
of iron ore. Leaching of the silica and other nonferrous con­
stituents due to rainfall has caused an enrichment of the
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FIGURE 5. San Isidro Project-General Layout.
SOURCE: Ministry of Mines and Hydrocarbons.
7-1599 85
E 190.000 E 2 00 .000E 170.000
Oo




FIGURE 6. San Isidro Project-Port Area.
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FIGURE 7. San Isidro Project-RoadSystem.
SOURCE: Ministry of Mines and Hydrocarbons.
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ferroginous quartzite (Liddle, 1946, p. 5). The iron pockets 
are distributed along the hillside which favors an open pit 
mining method, with descending benches for the extraction of 
the ore.
Topographically San Isidro is a hill with a maximum 
height of 700 m above sea level. It is surrounded by rela­
tively low plains averaging between 24 0 and 300 m above sea 
level. The mineralized area covers an area of approximately 
1750 hectareas (4,322 acres) located in the upper elevations 
of the hillside.
Present Status
At present, work is being conducted in San Isidro to 
prepare the deposit for exploitation at an industrial scale. 
Sidor, the national steel works, is in charge of building 
roads and accesses to the production fronts. So far, the 
equipment and facilities of Sidor in San Isidro are capable 
of handling about one million tons of iron ore per year, most 
of which is used by the plant in the making of steel for do­
mestic consumption.
The agreement between the Government and Sidor specifies 
that once San Isidro is negotiated with an international com­
pany, the existing installations will become part of the pro­
ject and Sidor will be properly compensated.
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The anticipated plans for the future development of San 
Isidro call for a step-by-step production program, beginning 
with a small but adequate volume to guarantee the economies 
of the project, as well as the placement of the ore in the 
world markets. Recognizing the "economies of scale" princi­
ple, this type of production suits the following purposes:
a) reduces to the lowest level the initial capital investment 
without lowering the returns of the project; b) consequently, 
the risk involved in the venture is reduced to a minimum;
c) rationalizes the future investments by adapting the expan­
sion of production to the growth of markets for the San Isidro 
product; and finally, d) production planning develops as a 
function of the new programs for ore beneficiation that may 
be established in the country.
Preliminary studies in the exploitation of the San Isidro 
deposit have indicated a cut-off volume of 5 million tons an­
nually as being profitable. However, the capacity not util­
ized by O.M.C. in its transport of ore from Ciudad Piar to 
Pto. Ordaz is about 20,000 tons per day, equivalent to 6 million 
tons per year. This excess capacity would be available to 
the San Isidro project in its initial stage. If greater vol­
umes were to be produced, major modifications would be neces­
sary for the railway system or alternative transport solutions 
should be found.
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Other studies performed on the San Isidro ore have shown 
that during the integrated process of extraction, transpor­
tation, crushing and storage of the ore, a very high propor­
tion of extra fine particles are produced. These particles 
exceed any acceptable limit for commercial ores, which imposes, 
the use of an agglomeration process before marketing of the 
product.
Out of the several known methods for agglomeration of 
iron ore, pelletizing is the one most suitable for Venezuela, 
as we will see further on in the study, because of the exis­
tance of cheap and abundant materials required in the process. 
Besides, pellets are today a product of high price and great 
demand due to their easy handling and transporting, and their 
stable physical and chemical characteristics. An additional 
advantage of this process would be the high value added to 
the product utilizing the available and inexpensive resources 
such as natural gas, electricity and limestone.
Project Development
From the general plan we can continue studying the speci­
fic programs proposed to the Ministry of Mines and Hydrocarbons 
to develop San Isidro. The initial phase of the project in­
cludes the exploitation, transport, beneficiation and com­
mercialization of the ore at an annual rate of 6 million tons.
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which include 2.5 million tons of pellets. The implementation 
of this program would require an investment of $118 million 
and a construction period of 36 to 4 0 months. At the end of 
this period the total installed capacity at the mine and port 
facilities will be enough to handle 12 million tons per year. 
However, as previously indicated, the initial production will 
be only 6 million tons per year, but the excess capacity of 
the facilities will allow enough flexibility not only for the 
future but also during the construction stage. With a few 
manipulations the different steps in the process such as ex­
traction, transport and storage of the ore can be accomplished 
in a sufficient volume to supply Sidor and have a small amount 
for exports.
To this end, the construction program has been designated 
to allow beginning of production 18 months after its start, 
at a rate of 4.5 million tons per year. At that time the ba­
sic facilities for the production and shipping of that volume 
should be ready. Once all the main facilities are completed 
production will be increased to 6 million tons per year. This 
will remain the top volume capable of being transported by 
the O.M.C. railway system without major modifications.
In the future, if the demand for ore and particularly 
for pellets which will be processed in the country increases, 
the production of the San Isidro quadrilateral could reach 
an estimated 24 million tons per year.
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PHASE I - MINE AND PORT FACILITIES
During the first stage of production of San Isidro the 
mining operations will be oriented toward the extraction of 
the crustal ore, leaving the deposit ready for the production 
of the fine ore to be benefitiated at a later time.
In this initial phase the programmed production will be 
4.5 million tons per year, divided in 2.7 million tons of 
lump ore and 1.8 million tons of fine material. The total 
amount will be exported except for one million tons reserved 
to supply Sidor.
The mining procedure to be used in phase I will be as 
follows: the ore will be mined and crushed at the mine, to
a 2 in. size. This crushed ore will be transported by rented 
trucks to a loading platform on the' O.M.C. railway, where 
it will be dumped on cars of 90-ton capacity, until a train 
of 110 cars is completed. Locomotives rented to O.M.C. will 
move the train to the stockpile area located 800 m from the 
Orinoco river and adjacent to the Sidor plant (Fig. 5 )• To 
transport to this area the construction of a railway branch 
of 10 Km has been projected, which will join the O.M.C. main 
railway to the storage yard.
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At the port facilities the train will unload by means 
of a car dumper into a classifier, where the ore will be 
screened and classified in two sizes: 0 - 3 / 8  in. and 3/8 -
2 in. Belt conveyors and storing equipment will take the 
ore to two different stockpiles of 250,000 tons each. From 
these the ore will be loaded into ships for exports. The 
supply to Sidor will be moved by conveyor belt from the dump­
ing area to the nearby storage yard in the Sidor installation.
The loading of the ships will take place in the port 
built for this purpose, capable of handling ore carriers from
20,000 to 80,000 dwt, and equipped with loading facilities 
rated at 3,000 tons per hour with a margin for future ex­
pansion.
Investment and Cost
The investment during phase I of the project is estimated 
at $41,437,273 distributed as shown in Table 25. All figures 
for the table and future ones related to San Isidro have been 
converted from bolivares, the Venezuelan currency.
The total amount of investment during this period includes 
funds for the equipment required to initiate the exploitation 
of the mine, the storage and shipping facilities, and the 































Note: No additional expenditures are considered in this table
7% for the 1st year and 9% afterwards.
Source: Ministerio de Minas e Hidrocarburos de Venezuela,
written communication.
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The cost per ton of ore f.o.b. during phase I has been 
estimated as $4.12/ton distributed as follows:
$/ton
Mining and shipping 2.00
Transport from mine to 
railway 0.51
Transport OMC to port 0.82
Depreciation of equipment 0.69
Contractor's sales commission 0.10
Total 4.12
Marketing
The projected plans indicate that the sales of the ore 
from San Isidro will go 8 0 percent to Europe and 20 percent 
to the United States. No allowance has been made for Japan, 
which is probably one of the big fallacies of the project as 
it stands now. The expected average selling price during 
phase I will be about $8.47 per ton of crustal ore and $5.51 
per ton of fine material. The benefits from export sales 
plus the local sales to Sidor should net revenues of about 
$4.5 million per year, which if reinvested during the first 
years should give the project a very solid financial position 
The selling price to Sidor during this period would be 
equal to the production cost ($3.49/ton) plus an extra charge 
of $1.53/ton, considered the minimum profit for the San Isi­
dro deposit to be economical. Nevertheless, because Sidor,
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has made an investment of $2.2 million in developing the mine 
a special discount of $0.90/ton will be allowed for approxi­
mately 3 years when their investment should have been recovered
In brief, phase I of the project brings about several 
advantages of which the most important can be summarized as 
follows :
a) Production and exports of ore are accomplished 
in a very short period.
b) An efficient recovery of the crustal ore on the 
surface of the deposit can be made.
c) It allows preparation of the mine for future 
production of the different types of ore, accord­
ing to the potential market requirements.
d) Enough funds can be generated during the period 
to avoid additional financing for the remaining 
stages of the project.
e) Training of the personnel and adjustment of the 
entire organization can be effected.
f) It gives the opportunity to test the ore from 
San Isidro in the world markets.
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PHASE II - PELLET PLANT
The next step in the San Isidro project deals with putting 
in operation a pellet plant whose construction must start be­
fore the end of phase I. The analysis of the plant is the 
most important matter in the second part of the thesis, but 
before going to specifics let us examine what pallatization 
is, and the advantages of this process.
Because of the clear and relatively simple exposition 
of a difficult subject such as the technology of palletiza­
tion, the following discussion has been mostly taken from the 
United Nations publication, "Economic Aspects of Iron-Ore 
Preparation," 1966.
Methods of Palletizing
Palletizing comprises first a balling stage, in which 
the moist concentrates are balled into green pellets, and 
then a burning stage during which the pellets are dried and 
sintered to the needed strength.
The Balling Stage - Balling is the most important part 
of the process which influences the good properties of the 
pellets. During balling the most favorable combination must
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be achieved between motion and pressure; the pellets are 
constantly made to come into collision with each other and 
their constituent grains to vibrate. Simultaneously, the 
surface tension of the water they contain - provided the 
water content is correct - results in a contracting effect 
within the individual pellets. The water in the pores of the 
green pellet produces a similar pressure on the pellet, which 
results in a very good packing of the constituent grains.
Such dense packing means that pellets can be burnt at temper­
atures some hundred degrees centigrade lower than those re­
quired for ordinary sintering, while the strength obtained 
is much higher than that of sinter and is even higher than 
that of many compact ores.
The lower burning temperature required in pelletizing 
renders it possible to avoid or reduce fusing. Pellets there­
fore give a more favorable combination than sinter of the 
principal conflicting properties required of a burden— strength 
on the one hand and an open pore system and good reducibility 
on the other. Taken in conjunction with the regular size of 
the pellets this explains the excellent results obtained with 
pellets in the blast furnace.
The good properties to be achieved during pelletizing 
are subject to two basic requirements:
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(a) The concentrates must be sufficiently fine­
grained.
(b) The water content must be absolutely correct 
and must be evenly distributed throughout the 
concentrate.
The weakness of pelletizing methods resides in the 
balling operation and especially in the necessity of obtain­
ing the full contracting effect. Developments in the produc­
tion of green pellets have centered mainly on improvements 
in the control of the grain size and of the water content of 
the concentrate. Measures to fulfill these essential re­
quirements for a uniform concentrate suitable for pelletizing 
are often taken at the mine (United Nations, 1966, p. 30).
The Burning Stage - While balling is the basic and most 
important stage in the pelletizing process, burning is the 
most difficult and that in which most developments have taken 
place. Three different methods are used for the burning of 
the pellets: the shaft furnace, the’continuous grate, and
the continuous grate in combination with a rotary furnace and 
cooler (grate-kiln).
The applications of these three burning methods varies 
according to the type of ores but basically all three are 
made up of four zones: (1) the drying zone, (2) the pre­
heating zone, (3) the sintering zone, and (4) the cooling zone
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The Shaft Furnace - This was the first type to be used.
The green pellets are dried and burned in a long and narrow 
shaft with oil or gas heated combustion chambers. The criti­
cal phases are here closely linked together and follow each 
other without interruption. The cooling air goes up through 
the shaft and results in intensive drying. Lumps that form 
in the sintering zone go down through the whole length of the 
shaft, where they disturb the distribution of the gases and 
of the temperatures. Burning in a shaft furnace is therefore 
the most delicate method which requires the longest running 
in time. It results, however, in a good heat economy. The 
long period during which the pellets are left at peak temper­
ature results in good strength.
The shaft furnace is almost exclusively used for pellet­
izing magnetite concentrates. It is well adapted for small 
outputs, the annual production of a normal unit being 250,000-
325,000 tons.
In Canada and the United States there are about fifty 
shaft furnaces for pelletizing. A number of similar furnaces 
are also to be found in Japan. In Europe there are shaft 
furnaces in France, Italy, Sweden and Yugoslavia (United Nations, 
1966, p. 31).
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The Continuous Grate - Under this method the pellets 
are burned on a moving grate similar to a usual sinter strand 
and the different phases have been partially separated. The 
grate is divided into areas for drying, pre-heating, sintering 
and cooling. By extending the drying-zone, drying can be 
done more slowly and more carefully.
During heating on the grate the gases circulate several 
times updraft and downdraft through the layer of pellets.
In the sintering-zone, burners over the grate heat the pellets 
to sintering temperature. By re-using the hot gases from the 
cooling-zone in the drying-zone one can achieve an economy 
in heat close to that of the shaft furnace.
The lumping of pellets will not influence the process 
as in the shaft furnace. This method is therefore very reli­
able and is now the one most used for pelletizing magnetite 
concentrates. A disadvantage of the method is that the pellets 
close to the sides of the grate are incompletely sintered.
On the largest grates (2.4 m) such incomplete sintering is 
reduced to about 3 percent, but still remains a problem.
Another disadvantage is the rapid burning. The holding time 
at peak temperature is only about 2 minutes and cannot be 
extended because of the effect on the grate bars. This means 
that pellets above the size of 10-15 mm are very difficult
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to produce on a grate, but this is no longer considered a 
drawback as blast furnace burdens require small pellets 
(United Nations, 1966, p. 31).
The biggest grate plant is that of Reserve Mining, at 
Silver Bay in Minnesota. In Europe there were four grate 
plants in 1965: in Italy, Norway, Sweden and the USSR. They
all pelletize magnetite concentrates.
The Grate-Kiln - In this method the different phases 
have been still further individualized and can be operated 
in the way which is the most convenient for each particular 
phase. The drying and the pre-heating take place on a grate. 
The final burning takes place in a grate-kiln, in which all 
the pellets are subject to an even temperature. The length 
of the grate-kiln can be designed in regard to the time re­
quired at peak temperature. Large quantities of heat can be 
transmitted to the pellets, and for this reason this is the 
best method, if not the only one, for pelletizing pure hema­
tite concentrates, because these do not give out any oxidiz­
ing heat. The cooling of the pellets takes place in a special 
revolving cooler.
The separation of the phases has rendered this operation 
more reliable. Burning in a grate-kiln produces pellets with 
a very good strength, and such pellets are now considered to 
be physically the best.
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A drawback of the grate-kiln method is the formation 
of rings in the kiln. These accretions are now shot off 
with large-calibre shot. To reduce the formation of such 
rings the diameter of the kiln has been progressively in­
creased to about 5 m.
Another drawback is that the grate kiln, which comprises 
three large units (the grate, the rotary-kiln, the cooler) 
as against a single unit for the shaft furnace or for the 
grate, is slightly more expensive than the other two as re­
gards investment and operation (United Nations, 1966, p. 32).
In the United States there were twelve grate-kiln pel­
letizing plants in 197 0, and nine more in the rest of the 
world (Table 26). This type of plant seems to be the most 
adequate for Venezuela, as we will see further on in the study
Advantages of Pellets
The benefits of pelletization are numerous, but the most 
immediate effects according to the study of the United Nations 
(1966, p. 33) are as follows:
1. The resistance of pellets to attrition during 
transport, transshipment and storage. Pellets 
can survive storage throughout the whole winter 
period and can then be transported by waterway 
to the iron and steel-works. In similar con­
ditions, sinter would have to be agglomerated 






















o o o o o o o o o o o o o o o o o>1 o o o o o o o o o o o o o o o o oCD.44 o o o o o o o o o o o o o o o o o
C •PtJ> U o o o o o o o o o o o o o o o o o■P fd o o o uo o o o o o o LO o o o o o o






> iO  
Eh
Cn
C•H 5h -P (CJ 
P CD (CÎ ÎH ■P 
CO




•p 5 P fd fd CM 14 g CD O CMU O
CO CO H  W  
fP COpq
O r M v D ^ i r ) L n v D r ^ M r - ~ r ~ ( 7 \ m c T \ o o  
C O k O C D V D V O V O V O C O C D  KO KO CD VD CD<y>cTtcr>cr>(T»cr>cr>cT>cT><T>cr>c3̂ cr»(y>a\o> 
rM I— I I— I I— I I— I I— I I— I I— I I— I I— I rM I— I I— I I— I I— IrM






























f t ft 2 fd1 CO CM A uCD < < ft ft •p
c « CO CO h) ft l-D ft p





1 tJ> 0 X"— s. P ft P 44
u p • ft < 44 kP ft •P ft pq• •p 4-) 0 B CO CO ft f t  CO B ■P0 Cn fd u It  CD g C p ft CD 44
u •p 1—1 4C < ft p CO 1 pq ft
•P <d PM CD ft 1 U 0 1 0 Aty> CO 44 T) 1 44 • P•p CD 44 •p ft P 1 1—1 ft O ft CD•p 0 s CD c iz: CD C X--s. jq 1 ft u rH CDp 1 1—1 0 '— rH CO PM CD CD p '— d
•rH H c rM u 44 CD ffi PI P 0 Cn u U0 CD CD fd 1—1 0 pq -P CD CD -P 1—! pq CD 2CD p PM Eh CD pq 1 — 15 CJ> 44 CD •p < Oi
4-1 44 H •p CD CO p; ft CD sq B CO
t 44 P 4^ 44 1 Ü ft PH ft P 44 •p O • •
r-| CD CD CD 44 CO ft 1—1 ft 1 P 1 CO 2 Eh • CDo 0 p CO CD CD ft 44 rM B ft ft • Ü
c r-P B C rM CD c: P3 ft P pq > pq CD Cn « Pp CM fd 0 CD n a >1 CD <  nt pq A pq 0
p fd B T5 •p > O ft -P r t >1 ft 0 0 K 0
p C ! S l P c ^ P M W « œ S l 2 C 0 PI ^  K X pq CO CO
T-1599 104
2. The lower heat consumption required for pel­
letizing magnetites, 120,000-17 0,000 Kcal/ton 
and for hematite 200,000-300,000 Kcal/ton is 
only two-fifths and one-quarter, respectively, 
of the heat required for sintering.
3. The savings which can be achieved by using
a high-grade ore material in the blast furnace 
are two or three times greater than the expen­
ditures involved in a multi-stage beneficiation 
and pelletizing plant.
4. The improvements in the process have made it 
possible to pelletize finer and higher-grade 
concentrates of hematite and other ores. The 
tendency is to produce concentrates with the 
highest possible iron content. But there is
a limit. For blast furnace operations, generally, 
Fe contents between 64 percent and 66 percent 
are an optimum. The iron content of pellets 
varies from 60 to 68.5 percent. It is usually 
around 64 percent. The silica content of pellets 
is in the range of 2 to 8 percent.
Characteristics of San Isidro Pellets
The recommended process for the San Isidro ore was the 
grate-kiln pelletizing system patented by Allis Chalmers 
Mfg. Co. of Milwaukee, Wisconsin. The main reason for this 
choice is that most of the ore is hematite. These concen­
trates require large and even quantities of heat which is 
provided by a grate-kiln, as previously explained under the 
description of this method.
The different tests conducted for pelletizing San Isi­
dro ore indicated that it is feasible to produce pellets 
with physical and chemical characteristics, which make them
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advantageously competitive with similar products available 
in the world markets.
In one of the tests conducted in a pilot plant which ran 
4 0 hours and produced 19 tons of pellets, the physical char­
acteristics of the pellets produced were on the average:
Diameter's range 10 - 14 mm
Crush strength 395 Kg
Tumble index 9 6.25%
The reduction characteristics as determined by reducing
500 g of pellets at 900° C for 3 hours with 30% CO and 7 0%
gas flowing at a rate of 15 1/min were:
Reduction 89.2%
Volume increase 9.2%
Crush strength 100.0 Kg
(after reduction)





Based on these results we can assume that the San Isidro 
pellets can meet any specifications in the world market. As 
an example, let us examine the Japanese requirements on im­
ported pellets:
Diameter's range:
> 16 mm 1/4% max.
9 - 1 6  mm 85-90%
< 5 mm 5% max.
Crush strength: 200 Kg (first 2 years)
250 Kg (following years)
Volume increase 14% max.
Reduction 6 0% min.
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For the chemical specifications Japan will accept a 
minimum of 64 percent Fe and "insignificant contaminants," 
such as the ones in the San Isidro pellets.
As a means of comparison a complete chemical analysis 
of pellets produced by certain industrial plants is shown in 
Table 27.
Cost Estimation - Phase II
The total estimated cost for the pellet plant is 
$36,604,318. This includes capital assets and starting the 
operation. The building of the plant will take 3 years and 






The interest paid during the pre-production years and 
the working capital required for the project are $5,806,364 
and $1,605,682 respectively, calculated at a rate of 7% for 
the first year and 9% the following years. Adding this to 
the original estimated amount gives a grand total of over 
$44 million in investment for the pellet plant.
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TABLE 2 7
CHEMICAL ANALYSIS OF PELLETS PRODUCED BY CERTAIN INDUSTRIAL
PLANTS
(percentages)
Plant Fe Si02 AI2O3 P S
1. Hoyt Lake 62.40 9.01 0.30 0.016 0.012
2. Grace Mine 6 6.60 2.80 0.70 0.005 -
3. Lebanon 63.30 4.81 1.73 0.005 0.018
4. Humboldt 62.18 8.48 0.43 0.050 0.009
5. Republic 63.80 7.40 0.50 0. 070 0.005
Republic 65.00 4.80 0.50 0.039 0.005
Republic 59.94 4.40 0.46 0.036 0.037
6 . Silver Bay 63.00 7.82 0.20 0.060 0.040
7. Marmora 64.50 4.12 0.65 0.012 0.016
8 . Hilton Mines 66.67 2.15 0.40 0.005 0.020
9. Copper Cliffs 68.00 1.50 0.65 0.003 0.010
10. Malmberget 68.59 0.59 0.35 0.013 0.011
11. Marcona 67.68 1.50 0.70 0.010 0.050
12. Strassa 67.50 3.00 0.34 0.002 0.010
Note : Location of Plants
1 to 6 in 







Source: United Nations, 1966, p. 37 (modified)
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Capital Cost - The estimate presented to the Ministry 
of Mines and Hydrocarbons includes the costs for a complete 
plant starting with the surge bins which feed the ball mills 
and ending with the pellet storage stacking conveyor. It in­
cludes crushing, drying and grinding facilities for bentonite 
and limestone but does not include the stockpiling of these 
materials ahead of processing or the front end loader used 
to reclaim from the stockpiles. It is assumed that the ma­
terial will be delivered and maintained at less than 15 per­
cent moisture.
The estimated cost includes site work as required to 
build the grinding-pelletizing building, emergency concentrate 
storage facilities, slurry storage, concentrate thickener 
and pellet storage facilities. It does not include other 
ancillary facilities, power supply, process water supply, 
utilities outside the building limits and pellet storage re­
claiming facilities.
Included in the total capital cost listed above is 
$11,800,000 for equipment and $700,000 for construction of 
the pellet storage facilities. Equipment costs are f.o.b. 
U.S.A. Table 2 8 gives a breakdown of capital cost for the 
pellet plant.
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TABLE 2 8 
Capital Cost - Pellet Plant
Equipment (f.o.b. U.S.A.) ^
Mills and accessories 2,147,800
Additive bins 17 0,000
Filters, trickener and 
accessories 1 ,000,000
Balling drums, grate-kiln 7,100,000




Civil work 3,867,0 00
Transportation of equipment 1,097,000




Mechanisms, metal plates, 
refractories, pipelines 2,130,000
Metallic structures, etc. 1,304,000
Grand total 30,530,000
Note: These cost estimates do not include an annual provision 
of 6% price increase included in other estimates.
Source: Ministerio de Minas e Hidrocarburos de Venezuela,
written communication.
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Operating Cost - The estimated total plant operating 
cost of $2.51 per metric ton of pellets includes $0.96 for 
grinding and $1.55 for pelletizing (Table 29).
A summary of the operating costs for the grinding and 
pelletizing plants follows. These costs are all based on an 



























By the time all the investment is completed in phase I
and phase II, the installed capacity of the system in its
different sections will be as follows:
a) The facilities for gathering, crushing, 
storage and loading of the ore will have a capa­
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b) The railway sections to and from the 
O.M.C. main railway will have an estimated 
capacity of 24 million tons annually.
c) The O.M.C. railway system will remain 
the same, with only 6 million tons per year 
as a maximum quota for the San Isidro ore, 
unless major modifications are effected.
d) The receiving and stock piling faci­
lities will be able to handle over 12 million 
tons, except for the screening plant.
e) The port installation will handle 24 
million tons per year with adequate traffic 
programming.
At the end of phase II the cost f.o.b. port per ton 
of ore is estimated to be $3.35. This cost is lower than 
in phase I because at this time the mine will be operating 
with its own fleet of trucks plus the economies of scale 
involved. For the pellets the estimate is $7.32 per ton. 
These costs are broken down in Table 30.
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TABLE 30 
Phase II - Total Cost Per Ton
Ore $/ton
Mining and shipping 1.8 6
Transport CMC to port 0.75
Depreciation of equipment 0.64
Contractor's sales commission 0.10
Total 3.35
Pellets :
Cost of ore + 15% (*) 3.85
Grinding 0.96
Pelletizing 1.55
Storage and shipping 0.21
Depreciation of equipment 0.75
Total 7.32
* It takes about 15% more ore to produce one ton of pellets.
Source: Ministerio de Minas e Hidrocarburos de Venezuela,
written communication.
Once the installation of the pellet plant is completed, 
the integrated flow of the total operation will be as shown 
in Fig. 8.
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FIGURE 8. Pellet Plant-Flow Diagram.
SOURCE- Ministry of Mines and Hydrocarbons.
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Total Project Cost
The total capital expenditures accumulated to the time 
of beginning production at a rate of 6 million tons per year, 
total $118,338,411, of which $44,234,898 is for the pellet 
plant and the balance $74,103,513 covers the mine and port 
installation. Table 31 gives the details for total cost.
As previously explained when all construction is fin­
ished, the facilities at the mine, port and intermediate 
points will have a greater capacity than the projected 6 
million tons per year, except for the O.M.C. railway system.
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The basis for all values presented so far and future 
values used to reach economic results, have been fairly 
standarized according to the studies available, the market 
conditions, and the current mining laws existing in Venezuela 
Ore Grade - The ore grade estimated for the San Isidro
deposit on a dry and wet basis is as follows:
Dry Wet
Fine ore 65.10% Fe 61.19% Fe
Lump ore 63.70% 60.52%
Pellets " 65.00% 64.35%
Prices - To establish the export prices for the dif­
ferent products, the following most probable international




Lump ore 0.14 0
Pellets 0.168
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These average quotations are based on the assumption 
that 8 0 percent of exports will go to Europe and 2 0 percent 
to the United States. Therefore, using the average grade 
of the ore on a wet basis and its probable future price, the 
export value for the three products will be:
$/ton
Fine ore 5.51
Lump ore 8.4 7
Pellets 10.81
Production Costs - The production costs for the opera­
tion of mine and port were calculated by the Ministry of 
Mines at $1.86/ton as presented in Table 30.
The cost of transport by railway offered by the Orinoco 
Mining Company to the Ministry in November of 197 0 was $0.75/ 
ton (Table 30).
The cost of making pellets calculated by a consulting 
firm and presented to the Ministry in 1971 is $2.51/ton 
(Table 29).
The sales commission for the ore merchant is 3% on gross 
revenue f.o.b. at the port, which amounts to $0.10/ton (Table 30).
Taxes - The federal income tax has been calculated at 
a rate of 58 percent for the mine-port installation, taking
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2 percent discount because of the tax-credit mining develop­
ment granted by Article 6 8 of the current Income Tax Law.
The pellet plant does not qualify for the tax-credit and 
has been computed at 60%. Tables 32 and 33 respectively.
The production tax has been estimated by the Ministry 
at $0. 045/ton, and the channel fee through the Orinoco rive'r 
at the 1971 rate of $0.31/ton (Table 32).
Financial Structure
The information received concerning the financing of 
the San Isidro project is very inadequate. No reference 
is made as to whether it will be Government, private or ex­
ternal financing, or a combination of the three sources, or 
as to the interest rates applicable. Only total figures and 
a schedule of payments were provided for each phase of the 
project.
Equity - The equity invested by the Government indi­
cated in the communication sent to the author is incredibly 
low. Only $568,000 for phase I and $1,136,000 for phase II. 
Based on these figures and the lack of knowledge of the fi­
nancial structure the results obtained with the rate of re­
turn (ROR) analysis are questionable.
DCFROR Results - Tables 34 and 35 give the total 
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adapted by the author in order to show the cash flows used 
in the DCFROR calculations. The computer program DCFROR.F4 
from the Mineral Economics library was used for the computa­
tions of the ROR for the different cases. The computer out­
puts are included in Appendix A. The different alternatives 
explored were the following:
Phase I - Mine and Port
Case 1 : Assuming an equity invested by
the government of $568,000 and the rest of the 
investment as borrowed money. Using the cash 
flows calculated from the Profit and Loss 
Statement (Table 32) and shown in Table 34, 
the DCFROR is greater than 118% (Appendix A 
p. 141). This results is very unlikely but 
mathematically correct because with such low 
equity invested the leverage used is extremely 
high.
Case 2 : Assuming an "unleveraged" case
in which the Government finances the total 
investment. Using the "cash flows" of Table 34 
instead of the "net cash flows" since there 
are no loan repayments, the DCFROR is 9.13%
(appendix A, p. 142).
This return would be insufficient to make 
the project attractive for such a large invest­
ment.
Phase II - Pellet Plant
Case 1 : In the "leveraged" case, using
the cash flows obtained from the Profit and 
Loss Statement for phase II (Table 33) and 
tabulated in Table 35 ̂ the DCFROR obtained 
is 26.51% (appendix A, p. 143) .
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TABLE 3 4
San Isidro Mine-Port Installation (Phase I)
Cash Flow Calculations 
(thousands of dollars)
Net Profit Loan Net
Year After Tax Depreciation Cash Flow Repayments Cash Flow
-1 1 152 1,547 2 699 1,960 739
0 2 377 3,093 5 470 3,919 1 ,551
1 1 475 5,776 7 251 6,921 330
2 1 732 5,784 7 516 6,921 595
3 1 984 5,784 7 768 6,921 847
4 2 246 5,784 8 030 6,921 1 109
5 2 108 6,734 8 842 6,921 1 921
6 2 370 6,734 9 104 6,921 2 183
7 2 631 6,734 9 365 6,921 2 444
8 2 893 6,734 9 627 6,921 2 706
9 3 189 6,734 9 923 4,962 4 961
10 3 333 6,757 10 090 3,003 7 087
11 4 096 5,211 9 307 - 9 307
12 4 745 3,664 8 409 - 8 409
13 5 875 973 6 848 - 6 848
14 5 875 973 6 848 - 6 848
15 5 532 1,791 7 323 — 7 323
16 5 532 1,791 7 323 - 7 323
17 5 532 1,791 7 323 - 7 323.
18 5 532 1,791 7 323 - 7 323
19 5 532 1,791 7 323 - 7 323
20 5 532 1,791 7 323 - 7 323
21 5 532 1,7 91 7 323 - 7 323
22 5 532 1,791 7 323 - 7 323
23 5 532 1,791 7 323 - 7 323
24 5 532 1,791 7 323 - 7 323
25 5 532 1,791 7 323 - 8 823*
als 108 933 98,717 207 650 69,212 139 938
* Includes $1,500 Working Capital




San Isidro Pellet Plant (Phase II)
Cash Flow Calculations 
(thousands of dollars)
Year
Net Profit Loan Net
after tax Depreciation Cash Flow Repayments Cash Flow
1 1 168 2 120 3 288 3,668 -380
2 1 300 2 120 3 420 3,668 -248
3 1 432 2 120 3 552 3,668 -116
4 1 564 2 120 3 684 3,668 16
5 1 696 2 120 3 816 3,668 148
6 1 828 2 120 3 984 3,668 316
7 1 960 2 120 4 080 3,668 412
8 2 092 2 120 4 212 3,668 544
9 2 225 2 120 4 345 3,668 677
10 2 356 2 120 4 476 3,668 808
11 2 398 2 348 4 746 3,668 1,078
12 2 530 2 348 4 878 3,669 1,209
13 2 662 2 348 5 010 3,669 5,010
14 2 662 2 348 5 010 - 5,010
15 2 662 2 348 5 010 - 5,010
16 2 662 2 348 5 010 - 5,010
17 2 662 2 348 5 010 - 5,010
18 2 662 2 348 5 010 - 5,010
19 2 662 2 348 5 010 - 5,010
20 2 662 2 348 5 010 - 5,010
21 3 510 227 3 737 - 3,737
22 3 510 227 3 737 - 3,737
23 3 510 227 3 737 - 3,737
24 3 510 227 3 737 - 3,737
25 3 510 227 3 737 5,343*
Totals 61, 395 45 ,815 107, 910 44,017 64,835
* Includes $1,6 06 Working Capital
Source: Ministerio de Minas e Hidrocarburos de Venezuela,
written communication (modified)
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This result makes more sense than the one 
from phase I, case 1, because the equity invested 
is twice as much ($1,136,000), while the total 
investment for the pellet plant is lower than 
for the mine-port installation.
Case 2 : The "unleveraged" situation gives
a DCFROR of 7.96% (appendix A, p. 144). This re­
sult is again very unattractive. Notice that the 
life used for the pellet plant is only 25 years, 
because these are not any pre-production cash flows
Phase I and II combined
Case 1: The integrated project comprises
phase I and phase II which is the way it was de­
signed. Combining the economic results for the 
two phases the cash flows shown in Table 36 are 
obtained. The DCFROR for the leveraged case is 
56.79% which is rather high for any mining ven­
ture (appendix A, p. 145) .
Case 2 : The "unleveraged" combined case
yields a DCFROR of 8.16% (appendix A, p. 146).
Again this is very low.
From the previous analysis we can easily see that the 
crucial factor to determine a rational DCFROR on the project 
is the equity invested by the Government. However, the pro­
ject looks feasible from the economic viewpoint alone, be­
cause even under the worst assumption of financing by the 
Government of the entire project, the DCFROR is still posi- • 
tive (8.16%). This type of financing is never the case in 
real life because in order to secure markets for their pro­
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sources of capital to develop their natural resources.
At the present time it would be impossible for the au­
thor to obtain more specific information on the financial 
structure for the project. The reason being that San Isidro 
is being offered once more to international companies for 
bidding purposes. Even most of the information given in 
this study so far has been allowed to be used for academic 
purposes only, without mentioning specific companies involved 
in these studies.
Therefore, let us assume that whatever agreements are 
reached they will be far better studied financially than the 
attempted analysis just presented and summarized in Table 37.
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TABLE 37
Summary of DCFROR analysis for the San Isidro project.
Government standpoint.
Phase I - Mine and Port
Case 1: Leveraged DCFROR = >118%
Case 2: Unleveraged DCFROR = 9.13%
Phase II - Pellet Plant
Case 1: Leveraged DCFROR = 2 6.51%
Case 2: Unleveraged DCFROR = 7.96%
Phase I and II combined
Case 1: Leveraged DCFROR = 56.79%
Case 2: Unleveraged DCFROR = 8.16%
Sensitivity Analysis - We have just seen that the pro­
fitability of the San Isidro project based on DCF analysis 
alone gives many dubious answers mainly because of lack of 
information on the financial arrangements and the fact that 
only point estimates were used. The author feels that more 
meaningful results would be obtained if a range of values 
were given to the variables which affect the profitability 
of the project, such as price, operating cost, and capital 
investment. The computer program called Investment Model 
(INVM0D.F4) available in the Mineral Economics Department, 
which uses the Monte Carlo simulation technique to indicate 
the probability of obtaining a desired outcome, was the
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tool used in this approach. The procedure was to perform 
sensitivity analysis for those variables that could strongly 
affect the final outcome. This analysis is frequently used 
to determine how much change in a variable would be necessary 
to reverse the decision based on average-value estimates.
The main assumptions made in the analysis were as follows:
a) The capital required for the project will 
be put up by one investor and we wish to analyze 
the return on that investment. Whether leveraged 
money will be used is of no importance because 
exact information is not known concerning the effects 
of operating leverage.
bj The upper estimates for the variables con­
sidered were taken from the Ministry of Mines (MMH) 
calculations. The lower estimates were provided by 
the author based on an optimistic guess to make the 
project attractive. The exception to the above was 
the price estimates which were taken from existing 
contracts from the Japanese suppliers of iron ore 
and pellets which are in effect till the years 1984 
and 1991 (tables 18 and 24 ). These prices were 
considered to be more realistic than any other fore­
cast.
c) The grade of the ore and pellets remained 
constant during the simulations using the average 
grade supplied by the MMH. This is a valid assump­
tion because in marketing iron ore small differences 
in grade are not taken into account if the ore meets 
the contract specifications.
d) Because sensitivity analysis was performed 
only on the combined project (Mine-Port and Pellet 
Plant) the variable considered was changed simul­
taneously for both phases before each simulation.
It is worth knowing the number of parameters that went 
into each simulation in order to appreciate the complete
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Recovery factor:
analysis performed by the computer program before each rate 
of return is calculated. A list of the input variables 
follow :
Life of the Project: Total















Production per year : 
Capital Investment:
Working Capital:
Operating cost per 
ton :
The results of the computer runs follow and the input 
data for each run is presented in Appendix B.
Sensitivity to Price
Low price: Lump ore $8 .2 0/ton
Pellets $11.40/ton
DCFROR = 6 .86%
T-1599 131





















Sensitivity to Capital Investment
Low capital
investment: Mine-Port $60,000,000
Pellet plant $25,000,000 




Pellet plant $30,000,000 
Working capital $ 4,000,000 
DCFROR = 6.13%
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The previous results indicate that the most sensitive 
variable of the three chosen is operating cost. However, 
the DCFROR for all cases is below the expectations of any­
body willing to risk such extensive capital investment. 
Therefore, we conclude that this project is unfeasible for 
a single investor, putting up the total investment, and with­
out leveraging effects coming into play.
An alternative to the problem, and again assuming no 
knowledge of any type of financial arrangement, would be to 
find a partner willing to participate in a joint venture on 
a 50-50 basis with the Government lending 5 0% at a fixed 
interest rate. The capital required by the foreign investor 
would then be reduced by half, the risk involved would also 
be divided and consequently the DCFROR on the equity invested 
will be increased if all other variables remain the same.
Sensitivities for the low and high case of the capital 
investment on a 50-50 joint venture on the conditions speci­
fied above were conducted and the results follow:
Sensitivity to Capital Investment (Joint Venture)
Low capital investment: Mine-Port $30,000,000
Pellet Plant 12,500,000. 




High capital investment: Mine-Post $35,000,000
Pellet plant $15,000,000 
Working capital $ 2,000,000 
DCFROR = 14.63%
The above results are quite different from those with 
only one investor. The project becomes attractive when a 
crucial factor like capital investment is shared. In the 
worst case, that of high capital investment, the DCFROR is 
14.63% which is very favorable in comparison with 7.69% in 
the best case with one investor.
We must conclude, aside from other refined effects used 
in financing projects, that the economics of the San Isidro 
project in its roughest estimates make it look profitable, 
if the Government would be willing to share not only the re­
turns but also the initial capital investment. Unfortunately, 
economics is not the only determining factor in making de­
cisions in developing countries or any other country for 
that matter, when it relates to iron ore mining ventures. 
Marketing of the product is the major obstacle as explained 
under the section "marketing of iron ore". For a possible 
solution to the problem some fundamental conclusions will be 
reached at this point.
T-1599
CONCLUSIONS
Conclusions of this study will be drawn from the two 
separate parts presented in the thesis in order to determine 
the possibilities that the world market for iron ore offers 
to the San Isidro project and how Venezuela could improve 
its attractiveness.
We have seen in part I that vast new deposits of both 
high and low grade ore have been discovered in a number of 
areas of the world and that technological development of pro­
cesses for producing high quality prepared ore from low-grade 
iron ore (pelletizing), and the introduction of steelmaking 
practices to lessen the dependence on scrap has resulted in 
increased consumption of iron ore. We have also seen how 
the emergence of Japan as a major steel producer and the use 
of supersized ocean carriers in the movement of ores have 
forged new patterns of world iron trade. This combination 
of new sources, new technology and recent improvements in 
transportation has brought fundamental changes in iron ore 
production and marketing.
The foregoing review explains how different the industry's 
prospects have become in the comparatively few years Vene­
zuela's iron ore resources have been under development. In
134
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the early fifties, iron ore was still a relatively scarce 
material, whereas today it is among the world's most abun­
dant and widely distributed.
The oversupply and overcapacity conditions in the world 
market have been reflected in declining prices for iron ore 
since the early sixties.
This changing market structure offers a great challenge 
to any producing country and that is exactly what the San 
Isidro project represents, a great challenge to the Venezuelan 
government. To compound the problem Venezuela's performance 
in her principal iron ore market, the United States, has been 
eroded by the rising output and large international invest­
ments in the development of iron ore resources in Canada,
West Africa, Brazil and Australia.
However, these problems are not necessarily fatal. We 
saw how the Japanese market presented a solution for the mar­
keting of the San Isidro product. There are marginal differences 
in prices which have to be adjusted, and long-range port im­
provement planning is required if the country is to remain 
in a competitive position. Fortunately, the rare combination 
of resource assets possessed by Venezuela, such as high-grade 
ore, low-cost natural gas, and abundant electrical power should 
permit her to take advantage of new technological developments 
in the industry and reverse her decline as a world iron-ore 
supplier. This combination of resources enabled Venezuela 
recently to take the lead with the world's first commercial-
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scale plant to produce prereduced iron-ore briquettes. Al­
though the output of this plant is relatively small (1 ,000,000 
TPY) this technological advance will open new horizons to 
San Isidro and other related deposits in the area.
Despite all its resource assets and this new plant, Vene­
zuela's comeback as a ranking world iron ore supplier depends 
on its ability to attract large financial and managerial re­
sources. We saw in the economic analysis that San Isidro is 
no good for only one investor, based on economic considerations 
alone. Thus, the often advocated state-owned iron ore enter­
prise to develop San Isidro should be ruled out. Besides, 
a project of the magnitude of San Isidro requires a substan­
tial amount of capital and the possibility of attracting that 
capital depends both upon the terms that Venezuela is willing 
to offer and upon the medium-term outlook for iron ore exports. 
The attractiveness of a project in the international market­
place is based solely on hard economic facts: profits, pay­
out period and risk. Foreign investors already know that 
large profits and rapid payout are unlikely because of the 
excess world capacity which already exists; but if they have 
to face also political risks in enterprises where they hold 
a minority participation, it seems improbable that foreign 
firms would be willing to make the investment.
Therefore a joint venture on equal terms is what the au­
thor sees as feasible for San Isidro. This type of agreement
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should also include an equal participation in the initial 
capital investment. Under these conditions the sensitivity 
analysis indicates a satisfactory rate of return to both 
parties.
The most appropriate country to consider as a possible 
partner is Japan. The reason being its increasing demand 
for iron ore and because of the fact that Venezuela is the 
largest consumer of Japanese products in Latin America. This 
fact could be an asset at the bargaining table. Another ad­
vantage in dealing with Japan is the size of its ocean-trans­
port fleet which operates in all the international trade routes 
This could facilitate working out combination trips while 
transporting Venezuelan iron ore. The result would be re­
duced freight rates and improved competitiveness of the Vene­
zuelan product.
Although joint ventures minimize conflict and promote 
best solutions to issues involving the common interests of 
the state and the foreign investor, in the long run the host 
country receives additional benefits which can be summarized 
as follows:
a) Direct government involvement yields valuable 
experience and provides guidelines to judge the 
operations of foreign-owned enterprises.
b) Physical involvement of Venezuelans in the 
operation could help train the manpower needed 
to organize, stage, and direct the development 
of the country's mineral resources other than 
petroleum and iron ore.
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c) Utilization of foreign capital and enterprise 
in basic resource industries releases local capital 
and managerial talent for programs in education, 
transportation, agriculture, health and welfare 
services.
To develop San Isidro and obtain the benefits outlined 
above require the mobilization of our best human resources 
together with substantial amounts of foreign capital, tech­
nical and-managerial knowledge and, above all, marketing out­
lets. All of these conditions involve a number of govern­
mental policy decisions, a high degree of policy coordination 
and a government administration free from political influence. 
The failure to fulfill this last condition has kept San Isi­
dro under study for the last ten years.
It is not that the project is unfeasible, but either we 
lack the adequate incentives in our iron ore policies to at­
tract foreign capital or have not had a sensible administra­
tion capable of understanding that foreign firms are not going 
to make large, risky investments on the basis of a signifi­
cantly lower share of before-tax revenues than that currently 
received by the iron ore companies operating in Venezuela.
Had the Venezuelan government been more moderate in the con­
ditions established for foreign company participation in the 
development of San Isidro, an agreement might have been reached 
several years ago for mining and processing this ore. The 
cost we have paid may have been too high and if no rapid 
policy changes are put into effect it may also be too late.
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Let us conclude by reminding ourselves that the old be­
lief proclaiming that time was on our side is no longer true. 
Minerals are of no real value until they are mined, especially 
today, when the low-grade iron ores, once agglomerated, com­




PHASE I - MINE AND PORT 
Case 1 : Leveraged
tlNTErt THE ECONOMIC LIFE OF THE PROJECT.
2 7
IF THE YEARLY CASH FLOWS FOR THE LIFE OF THE PROJECT 
a r e  a l l EQUAL, ENTER 1. IF NOT, ENTER 0.
e n t e r  THE YEARLY POSITIVE OR NEGATIVE CASH FLOWS ONE
TO A LINE STARTING IN COLUMN ONE. BE SURE TO PLACE A DECIMAL
POINT AFTER EACH VALUE.




1 1 0 9 .
1921.
2 IBS.
2 4 4 4 .
2706.
4 96  1 .














ENTER THE INITIAL CAPITAL INVESTMENT.
3ÔB
RATE OF RETURN EXCEEDS 11% PERCENT
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PHASE I - MINE AND PORT 
Case 2 : Unleveraged
ENTER THE ECONOMIC LIFE OF THE PROJECT.
2 7
IF THE YEARLY CASH FLOWS FOR THE LIFE OF THE PROJECT 
ARE ALL EOJAL, ENTER 1. IF NOT, ENTER 0.
0
ENTER THE YEARLY POSITIVE OR NEGATIVE CASH FLOWS ONE
TO A LIME STARTING IN COLUMN ONE. BE SURE TO PLACE A DECIMAL
POINT AFTER EACH VALUE.
2699.5470,
7 251 .
7 5 1 6 .
7 7 6 6 .
6 030.
6642.
9 1 0 4 .
9 3 6 5 .
9 6 2 7  .
9 923.
1 0 0 9  0 .
9 3 0 7 .
6409.
6 8 4 6  .
6 6 4 6  .
7 3 2 3 .
7 323.
7 3 2 3 .
7 3 2 3 .
7 323.7 323.
7 323.
7 3 2 3 .
7 323.
7 323.
7 3  2 3 .
e n t e r  THE INITIAL CAPITAL INVESTMENT.
74103.513
THE OVERALL PERCENTAGE RATE OF RETURN IS 9.13
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PHASE II - PELLET PLANT 
Case 1 : Leveraged
ENTER THE ECONOMIC LIFE OF THE PROJECT.
2 5
IF THE YEARLY CASH FLOWS FOR THE LIFE OF THE PROJECT 
ARE ALL EQUAL, ENTER 1. IE NOT, ENTER 0.
E in'TER THE YEARLY POSITIVE OR NEGATIVE CASH FLOWS ONE
TO A LINE STARTING IN COLUMN ONE. BE SURE TO PLACE A DECIMAL













5 010.5 0 1 0 .
5 010.
5 0 10.
3 7 3 7.
3737 .3 7 37 .
3737 .
5 343.
ENTER THE INITIAL CAPITAL INVESTMENT.
1 136.
THE OVERALL PERCENTAGE RATE OF RETURN IS 26.5 1
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PHASE II - PELLET PLANT 
Case 2 : Unleveraged
e n t e r  t h e  e c o n o m i c  l i f e  OF THE PROJECT.
2 5
IF THE YEARLY CASH FLOWS FOR THE LIFE OF THE PROJECT 
ARE ALL EQUAL, ENTER !• IP NOT, ENTER 0.
0
ENTER THE YEARLY POSITIVE OR NEGATIVE CASH FLOWS ONE
TQ A LINE STARTING IN COLUMN ONE. BE SURE TO PLACE A DECIMAL
POINT AFTER EACH VALUE.
3288.







5 0 1 0 .
5 0 1 0 .
5 0 1 0 .
5 0 1 0 .
5 0 1 0 .
5 0 1 0 .
5 0 1 0 .





ENTER THE INITIAL CAPITAL INVESTMENT.
44234.898
,TH£ o v e r a l l  p e r c e n t a g e  r a t e  OF RETURN IS 7.9 6
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PHASE I AND II COMBINED 
Case 1 : Leveraged
ENTÊH THE ECONOMIC LIFE OF THE PROJECT.
2 7
IF THE YEARLY CASH FLOWS FOR THE LIFE OF THE PROJECT 
ARE ALL EQUAL, ENTER 1. IF NOT, ENTER 0.
0
ENTER THE YEARLY POSITIVE OR NEGATIVE CASH FLOWS ONE
TO A LINE STARTING IN COLUMN ONE. BE SURE TO PLACE A DECIMAL



















1 1 06 0.
14 166.
ENTER THE INITIAL CAPITAL INVESTMENT.
1 704.
THE OVERALL PERCENTAGE RATE OF RETURN IS 56.79
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PHASE I AND II COMBINED 
Case 2 : Unleveraged
e n t e r  THE e c o n o m i c  LIFE OF THE PROJECT.
27
IF THE YEARLY CASH FLOWS FOR THE LIFE OF THE PROJECT 
ARE ALL EQUAL, ENTER 1. IF NOT, ENTER 0.
0
e n t e r  THE YEARLY POSITIVE OR NEGATIVE CASH FLOWS ONE
TO A LINE STARTING IN COLUMN ONE. BE SURE TO PLACE A DECIMAL
POINT AFTER EACH VALUE.
2699.5 A / 0 .
1 0 D 3 9 .
10936.
1 1 3 2 0 .
1 1/14.12658.
1 3  0 8 3 .
1 3  4 4 5 .
13839.
1 4 2 6 3 .
1456 6 .
1 4  0 5  3 .
1 3 2 8 7 ,




1 2 3 3 3 .
1 2 3 3 3 .
12333.
1 1 0 6 0 .
1 1 0 6 0 .
1 1 . 1 3 0 .
1 1 3 6 0 .
1 1 0 6 0 .
idNTER THE i n i t i a l  CAPITAL INVESTMENT.
1 1 8 3 3 8 . 4 1  1
THE OVERALL PERCENTAGE RATE OF RETURN IS 8.16
APPENDIX B
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SENSITIVITY TO LOW PRICE
TYPE LOVPRI 
[15:32:10]




























OF FINE ORE 
OF LUMP ORE 
OF PELLETS
EXPORT PRICE PER TON 
EXPORT PRICE PER TON 
PELLETS EXPORT PRICE PER TON 
PRODUCTION PER YEAR - TOTAL 
7000000•
5 CAPITAL INVESTMENT MINE-PORT 
0000000 •
8 CAPITAL INVESTMENT PELLET PLANT 
0000000 .
10 WORKING CAPITAL - TOTAL 
4000000 .
11 OPERATING COST PER TON OF ORE 
3.35





25 1 1 .0
25 1 1 .0
25 1 1 .0
25 1 5.51
25 1 8.20
25 1 1 1 .40
25 2 6000000 .
4 2 25 55000000.




*MEAN RATE OF RETURN* 6 . 8 6
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1 FINE ORE 1 25 1 .651
1 LUMP ORE 1 25 1 .637
1 PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1.0
3 FINE ORE EXPORT PRICE PER TON 1 25 1 5.51
3 LUMP ORE EXPORT PRICE PER TON 1 25 1 9.20
3 PELLETS EXPORT PRICE PER TON 1 25 1 11.70
4 PRODUCTION PER YEAR - TOTAL 1 25 2 6000000.
7000000.
5 CAPITAL INVESTMENT MINE-PORT 1 4 2 25 55000000.
0000000•
8 CAPITAL INVESTMENT PELLET PLANT 1 4 2 25 25000000.
0000000.
10 WORKING CAPITAL - TOTAL 1 4 2 3000000 .
4000000•
11 OPERATING COST PER TON OF ORE 1 25 2 2.00
3.35
16 OPERATING COST PER TON OF PELLETS 1 25 2 5.00
*MEAN RATE OF RETURN* 7.89
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SENSITIVITY TO LOW OPERATING COST









1 FINE ORE 1 25 1 .651
1 LUMP ORE 1 25 1 .637
1 PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1 1 .0
3 . FINE ORE EXPORT PRICE PER TON 1 25 1 5.51
3 LUMP ORE EXPORT PRICE PER TON 1 25 2 8.20
9.20
3 PELLETS EXPORT PRICE PER TON 1 25 2 10.81
1 1 .70
4 PRODUCTION PER YEAR - TOTAL 
7000000.
1 25 2 6000000.
5 CAPITAL INVESTMENT MINE-PORT 1 4 2 25 55000000 .
0000000.
8 CAPITAL INVESTMENT PELLET PLANT 1 4 2 25 25000000.
0000000 •
10 WORKING CAPITAL - TOTAL 1 4 2 3000000.
4000000.
11 OPERATING COST PER TON OF ORE 1 25 1 3 .00
16 OPERATING COST PER TON OF PELLETS 1 25 1 6.00
*MEAN RATE OF RETURN* 6.95
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SENSITIVITY TO HIGH OPERATING COST
TYPE HIOPCO 
[16:25:30]




1 FINE ORE 1 25 1 .651
1 LUMP ORE 1 25 1 .637
i PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1 1 .0
3 FINE ORE EXPORT PRICE PER TON 1 25 1 5.51
3 LUMP ORE EXPORT PRICE PER TON 1 25 2 8.20
9.20
3 PELLETS EXPORT PRICE PER TON 1 25 2 10.81
11.70
4 PRODUCTION PER YEAR - TOTAL 
7000000.
1 25 2 6000000.
5 CAPITAL INVESTMENT MINE-PORT 1 4 2 25 55000000 .0000000.
8 CAPITAL INVESTMENT PELLET PLANT 1 4 2 25 25000000.0000000 .
10 WORKING CAPITAL - TOTAL 1 4 2 3000000.4000000.
11 OPERATING COST PER TON OF ORE 1 25 1 3.3516 OPERATING COST PER TON OF PELLETS 1 25 1 7.32
*MEAN RATE OF RETURN* 4.87
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1 FINE ORE 1 25 1 .651
1 LUMP ORE 1 25 1 .637
1 PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1 1 .0
3 FINE ORE EXPORT PRICE PER TON 1 25 1 5.51
3 LUMP ORE EXPORT PRICE PER TON 
9.20
1 25 2 8.20
3 PELLETS EXPORT PRICE PER TON 
11.70
1 25 2 10.81
4 PRODUCTION RER YEAR - TOTAL 
7000000 .
1 25 2 6000000 .
5 CAPITAL INVESTMENT MINE-PORT 1 4 1 25 60000000.
8 CAPITAL INVESTMENT PELLET PLANT 1 4 1 25 25000000 .
10 WORKING CAPITAL - TOTAL 1 4 1 3000000.
11 OPERATING COST PER TON OF ORE 
3.35
1 25 2 2.00
16 OPERATING COST PER TON OF PELLETS 
7.32
1 25 2 5.00
*MEAN RATE OF RETURN* 7.69
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1 FINE ORE 1 25 1 .651
1 LUMP ORE 1 25 1 .637
1 PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1 1 .0
3 FINE ORE EXPORT PRICE PER TON 1 25 I 5.5 1
3 LUMP ORE EXPORT PRICE PER TON 
9.20
1 25 2 8.20
3 PELLETS EXPORT PRICE PER TON 
11.70
1 25 2 10.81
4 PRODUCTION PER YEAR - TOTAL 
7000000 .
1 25 2 6000000.
5 CAPITAL INVESTMENT MINE-PORT 1 4 1 25 70000000 .
8 CAPITAL INVESTMENT PELLET PLANT 1 4 1 25 30000000.
10 WORKING CAPITAL - TOTAL 1 4 1 4000000.
1 1 OPERATING COST PER TON OF ORE 
3.35
1 25 2 2.00
16 OPERATING COST PER TON OF PELLETS 
7.32
1 25 2 5 .00
*MEAN RATE OF RETURN* 6.13
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1 FINE ORE 1 25 1 .651
1 LUMP ORE 1 25 1 .637
1 PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1 1 .0
3 FINE ORE EXPORT PRICE PER TON 1 25 1 5.51
3 LUMP ORE EXPORT PRICE PER TON 
9.20
1 25 2 8.20
3 PELLETS EXPORT PRICE PER TON 
1 1 .70
1 25 2 10.81
4 PRODUCTION PER YEAR - TOTAL 
7000000 .
1 25 2 6000002.
5 CAPITAL INVESTMENT MINE-PORT 1 4 1 25 30000000.
8 CAPITAL INVESTMENT PELLET PLANT 1 4 1 25 12500000.
10 WORKING CAPITAL - TOTAL 1 4 1 1500000.
1 1 OPERATING COST PER TON OF ORE 
3.35
1 25 2 2.00
16 OPERATING COST PER TON OF PELLETS 
7.32
1 25 2 5.00
*MEAN RATE OF RETURN* 18. 07
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1 FINE ORE 1 25 1 .6511 LUMP ORE 1 25 .6371 PELLETS 1 25 1 .650
2 RECOVERY OF FINE ORE 1 25 1 1 .0
2 RECOVERY OF LUMP ORE 1 25 1 1 .0
2 RECOVERY OF PELLETS 1 25 1 1 .0
3 FINE ORE EXPORT PRJCE PER TON 1 25 1 5.51
3 LUMP ORE EXPORT PRICE PER TON 
9.20
1 25 2 8.20
3 PELLETS EXPORT PRICE PER TON 
11.70
1 25 2 10.81
4 PRODUCTION PER YEAR - TOTAL 
7000000 .
1 25 2 6000000.
5 CAPITAL INVESTMENT MINE-PORT 1 4 1 25 35000000 .
8 CAPITAL INVESTMENT PELLET PLANT 1 4 1 25 1 5000000.
10 WORKING CAPITAL - TOTAL 1 4 1 2000000 .
11 OPERATING COST PER TON OF ORE 
3.35
1 25 2 2.00
16 OPERATING COST PER TON OF PELLETS 
7.32
1 25 2 5 .00
*MEAN RATE OF RETURN* 14.63
T-1599
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